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FOREWORD. 


The Conference on Insecticides and Fungicides of the Agricultural 
Research Council of the United Kingdom decided to ask Dr. H. C. Gough, 
Ph.D., of the Advisory Department of Leeds University, to prepare a Review 
of the Literatuie on Soil Insecticides. The subject is one of wide interest 
and of great economic importance, bn which information is scattered. As, 
also, contradictory results have been recorded for almost all substances tried, 
the need for careful control of experiments and analysis of the results is clear* 
For all these reasons the wide circulation of a review of existing information 
is desirable. With this object, the Agricultural Research Council has kindly 
given Dr. Gough’s review to the Imperial Institute of Entomology for 
publication. 

As explained in the author’s introduction, the period covered by this work 
begins with 1914. and though it contains some references subsequent to 1940, 
it is reasonably complete only up to that date. Owing to war conditions, 
there has thus been an unavoidable interval between the preparation and 
issue of the woik. 


September, 1945. 


Sheffield A. Neave, 
Diredofy 

Imperial Institute of Entomology. 
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INTRODUCTION. 


The Problem of Soil Insects. 

Many pests of crops attack the underground |nirt of the plant concerned or 
use the soil as a place of refuge. Their control constitutes a |)rohleni which has 
engaged the attention of entomologists in ail parts of tlie world and one wliich has 
never been satisfactorily solved. T'he problem may be approached in the following 
ways : — 

(a) Cultural measures to increase tla; resistance of the croj) to insect attack. 

(/>) Mechanical rnetliods, such as soil cultivations, which not only disturb and 
kill many insects directly, but also ex])ose them to l)irds and otlu^r natural 
enemies. 

(c) Physical methods, such as steam sterilisation or Hooding. 

{d) Chemical methods, comprising the application of substances to kill insects 
in the soil and the use of ehemicals to deter the insects from attacking the 
crop or depositing their eggs near it. 

(c) Attracting the insects to baits, whore they can b(^ collected or destroyed by 
chernicials or other means. 

(/) Attacking an aerial stage of the p(>st, 

(< 7 ) Biological control, which has liad a very limited application in the control 
of soil pests. 

{h) Quarantine legislation. 

All these methods are only special applications of the general principles of insect 
control and plant |)rotection, and it is not proposed to consider them except to show 
the relationship that chemical control bears to the other methods. Theoretically, 
as Martin (I03(i) states, tlu^ a])plication of a toxic chemical to the soil should be a 
far simpler matter than applying it to plant fohage. In practice, however, to find 
a substance which conforms to even a few of the requirements of the ideal soil 
insecticide is far from easy. These requirements are : — 

(i) It should be toxic to insects, 

(ii) It should not be toxic to plants at insecticidal rates or, if it is, the effect 
should not be long-lasting. 

(hi) It should not permanently disturb the equilibrium of the soil micro-organisms, 
though some degree of toxicity to them appears to have a beneficial effect. 

(iv) It should have good power of dispersal in the soil, and must therefore be a 
liquid or a solid of high volatiUty. 

(v) The c( 3 st of the material and distribution should bo well within the margin 

of profit of the crop concerned. 

(vi) It should be easy to handle and apply. 

(vu) It should not deteriorate during storage nor be inflammable. 

(vih) It should not react directly with manures or fertilisers nor remove or lock 
up plant nutrients in the soil. 

No known substance combines even most of these qualities. Most possible soil 
insoctieidos are toxic to plants at rates approaching those necessary to kill insects 
and are too expensive and uncertain in their action for agricultural use, though in 
nurseries and glasshouses, where the profit per acre is much higher and the area to 
be treated relatively small, comparatively expensive materials may have a useful 
application. 

The search for suitable substances has been widespread and there can be few 
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applied entomologists in any part of the world who have not attempted some experi- 
ments with soil insecticides. The first recorded use ol a soil insecticide on a large 
scale was the application of carbon disulphide to control the vine Phylloxera in Frane(> 
during the latter part of the last century, and this still remains the most widely used 
chemical. 

Owing to the frequency with which negative results })avo hcf'ii obtained and the 
difficulties inherent in tlie juoblem, a vast amoimt of work has probably gone unre- 
corded, and much has only been published in experiment station reports ami otli(‘i’ 
somewhat inaccessible ])eriodicals. Many important papers give comparative 
results of a large number of different substances, some common insecticides, otheis 
apparently selected more or less at random. It was to correlate and integrate all 
this scattered work, so that the essentials of it should be readily accessible, that the 
[)res(mt review was undertaken while the writer was working on soil insecticides 
at Kothamsted Experimental vStation. 1'he review was discontiniu'd when thi' writer 
left to go to the Department of Agriculture, Leeds University, and taken u]j again 
at the request of the Agricultural Research Council. 

Owing to the contradictory results obtained by different authors for almost all 
substances, the conclusions to b(' drawn from the review are rather meagr(^ That 
fact itself is, how(‘ver, of great significance, and draws attention to the necessity of 
carefully controlled ex])eriments and analyses of the factors whidi might affect the 
results. 

The Scope of the Review. 

Tn order' to reduce the amount of material to bi' examined, certain limitations 
hav(' l)(‘cn observed. Firstly, soil insecticides in ,semu Mricto are dealt with, and 
work on soil sterilisation which is part icularly concerned with soil micro-organisms 
is excluded, though certain referenc(‘s to this subject are mentiomd for tlm more 
im|)ortant chemicals. The review also omits all reference to the control of Nema- 
todes, a subject which is developing a literature of its own and which, althomdi 
(■losely related to soil insecticides, was one which the writer did not feel comiicttmt 
to discuss. It does include, howevew. the control of Myriopods and Aiaclmids in 
the soil. 

Although the review |)rinci|)ally deals with tlu^ apidu-ation of chemicals to llu' 
soil to kill insects, it is almost impos.sible, with the (‘vidence available, to decide 
whether certain substances have acted as deteiTcnts oi' insecticides. Ihus, whil<- 
It IS highly probable that many substances applied for the control of the root (lies 
oi cabbage, onion and carrot act as deterrents to oviposition, the ])ossibilit\' that 
they act as ovicides or larvicidcs cannot be overlooked. 

'Plu' control of soil insects by poison baits is also excluded, although for sonu' 
soil pests this is the most suitable method of control. The applicatioii of laiisons 
to insects jweviously attracted to liaits is, howevf'r, dealt with. 

Thus, within the scojie of this review, a soil insecticide is defined as a. clumiical 
which is ajiplied to the soil with the object of killing one or more stages of Arthroiiod 
pests. For th(‘ more common insecticides a certain amount of selection liad to Ix' 
exer(!ised to keep the bulk of material within reasonable proportions. No usid'ul 
purpose would have been served by listing, for example, all the numerous references 
on the use of corrodve sublimati' for the control of cabbage root lly, and in general, 
reference's which did not give details ot the amounts of chemical, and the area to 
which it was ap]died, have been omitted. Certain pests can only doubtfully b(' 
classified as soil insects. For example, Crambid larvae live rather at the bases 
of grasses than actually in the soil at the roots. These and some other similar 
insects have been included, aa their control by insecticides presents a problem similar 
to that of the control of true soil insects. 

Method of Abstracting. 

The liemew of Applied Entomology was used as a basis; every article in it 
was perused and references to soil insecticides noted. As an additional check, 
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references in the index to the more important soil insecticides were consulted. So 
far as possible the original papers were then consulted and the literature cited in 
these also examined where necessary. It is probable that^some papers published 
prior to the first volume of the R.A.E. (1914) ha\a* been nii.ssed, but, apart from 
historical interest, the majority of these are not of great importance, and those 
which are would have been cited by later authors. The early reports of the more 
important world experiment stations were also scanned, and it is thought that 
little information of note has been overlooked. So far as possible, llu; earlic'st known 
users of the various substances have been menti(Uie<l, but this review does not 
pretend to have any value from the historical aspect, and it deals mainly with more 
recent work covering a wide range of insects, cliemicals and places, and condensing 
such information as can bf^ usefully summarised. 

Arrangement. 

The main part of the work has been arranged umh'r chemicals, and witliin 
chemicals, under insects, h'or this latter purpose the norniallv acc'cpted classi- 
fication based on Tmnis (1934) has been adojtled. The sub-oi'ders, and in most 
cases the families, are given, and after that th<‘ most conveniiml arrangement is 
used. Under 8carabaeii).\e, for example, an entirely arbitrary classification has 
been ado])ted in order to bring together comi)arable data. 

The more important chemicals which ha\’o already been used extensively as soil 
insecticides have been grouped together in the first sedion and are arranged alpha- 
betically. The remaining substances, also arranged alphabetically, follow with 
cross-references where a substance has more than one; naiiK' oi’ is doalf with as a 
pure substance and as a crude product. Such substances as these are very difficult 
1.0 classify ; usually the name employed by fhe original author has been used, 
though one author might describe a substance as a coal-tar j)roduct and another 
might describe the same substance as a crude carbolic acid. The foreign names 
for such products are also very confusing, the sa.me or similar woi’ds having one 
significance in one language and a dilTercnt one in another. 

Where the data given by the original author an - sulTicient, the rate of application 
has always been reduced to grams per square metre (gm./sq. rn.) to facilitate com- 
parisons. Where a mixture? of substances has be(‘n us(?d, oi' the rate of application 
lias been given for a diluted substance, the number of grams refers to the actual 
sul)stance under discussion, except where otherwise*, stated, c. <j. 10 gm. emul- 
sion/sq. m. Often the original data are expres.scd as a measure of volume, but 
where the sjiecific gravity is known tin? weight has been calculated. This con- 
version may not have been always accurate as s|)ecific gravities given in books of 
reference are for pure substances, and frequently impure forms are used as soil 
insecticides. Another difficulty has been that measurements of liejuids are often 
given in ounces without stating whether fluid ounces or ounces avoirdupois are 
implied. It has been assumed in all such eases that fluid ounces are intended, and 
transformations have been made on that a.ssum])tion. Where the specific gravity 
is not known, the results have been expresscal as cubic centimetres per square 
metre (cc./sq. m.). Except when otherwise stated {e.g. U.S. gallons), imperial 
liquid measure is implied. To convert gm./sq. m. roughly into British units, divide 
by 30 for ounces/sq. yd. or multiply by 10 for Ib./ac. For more exact transforma- 
tions, data are given in Appendix 2. Such conversions have all been worked out 
on a slide rule and are not accurate to more than three places of decimals ; tl:ey 
are only intended to serve as a rough guide. If sufficient information ex:sls to 
make it worth while for a given chemical, the range over which it has been tested 
and the rates at which high kills have frecpiently residted are given. 

Such aspects as application, distribution and determination in the soil, effect 
on plants and micro-organisms are most conveniently dealt with separately for 
each chemical, or noted under individual references. A brief general account of 
each of these subjects is, however, given on pages 4 12 of this review. 

The chemical data have been obtained from various sources. The formulae 
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and specific gravity are mainly taken from Hodgman and Lange (1927). More 
detailed information has been derived from text-books of organic chemistry (chiefly 
Cohen, 1923, and Schmidt, 1920) and also from text-books on insecticides by Martin 
(1936) and Shepard (1939). 

Certain authors, notably Tattersfield and Roberts (1920) and Fleming (1925), 
have carried out e;!£;periments on a very large number of different substances, and to 
avoid repetition the details of these experiments are given here, so that it will only 
be necessary to give the relevant figures for each substance. In order not to 
lose the comparative value of the results, these are given completely in the 
Appendix. 

Tattersfield and Roberts studied the effect of various chemicals on wireworms 
{Agriotes S]jp.). The insects were confined in air in conical flasks, usually of about 
one litre capacity and subjected to various amounts of the substance to be tested. 
The amount which resulted in death was recorded as the number of millionths 
of a gram-molecule per 1,000 cc. air in 1,000 minutes at 15° C. This figure is given 
in brackets at the end of the reference. They also classified the chemicals into groups 
of low, medium or high toxicity. Their discussion on the correlation of toxicity 
and chemical constitution is of far greater importance than the individual values 
they recorded for each substance, and the list in the Appendix is chiefly useful to 
show that the toxicity of a substance in air is no criterion of its toxicity in the 
soil. 

Fleming (1925) carried out similar experiments on third-instar larvae of the 
Japanese beetle {Popillia japonica, Newm.). His results were expressed as the 
number of mg./litre necessary to cause death within 24 hours at 26*7° C. Some 
substances were also tested in water. 
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GENERAL CONSIDERATIONS. 

Methods of Application. 

The particular methods of application suitable for certain chemicals, insects 
and conditions are detailed under the substance concerned, but a general survey 
of the subject, including brief descriptions of the types of apparatus employed, is 
given here. 

{a) SOLIDS. 

(i) General Application. 

The application of solid fumigants to the soil is a comparatively simple matter 
and similar to the application of chemical fertilisers. If the substance is finely 
ground or granulated, it is most evenly applied by a manure distributor (e. g. Leach, 
1929) ; where this is not available or suitable, the substance may be broadcast 
by hand. The usual methods of cultivation may then be used to incorporate it 
with the soil, i. e. ploughing, harrowing, disking or cultivating. Miles (1929) 
advocates the rototiller type of cultivator as being suitable for this operation, 
especially for contact insecticides. A hopper to feed the substance immediately in 
front of the tines, or for a plough, into the furrow, converts the standard implement 
into one suitable for distribution and incorporation of fumigants. 
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(ii) Application to limited Area^. 

Certain substances, such as p-dichlorbenzene, are more usefully applied in small 
discrete doses in holes in the ground. This may be advisable when treating grass- 
land, the surface of which cannot conveniently be disturbed, or when applying 
poisons to insects already aggregated into small areas by means of bait's. Barnard 
(1884), Jarvis (1924 a), Maklmovskii (1928), and Kostenko (1928) have devised 
relatively simple hand apparatuses to facilitate the introduction of small quan- 
tities of solids into the soil. Basically they consist of a tube and a container ; 
the tube is forced into the soil, the nozzle being protected, and the depth regulated 
by an adjustable bracket ; a regulated amount of chemical is then allowed to flow 
into the hole thus made. For applying calcium cyanide to bait rows, Miles (1929) 
recommends a small hand drill with a hopper attached. Where labour is cheap, 
or only small areas are involved, the holes may be made and the chemical inserted 
by hand. 


{b) LIQUIDS. 

(i) The Application of small Quantities of pure Liquids. 

Carbon disulphide is the most widely used liquid soil fumigant, and many types 
of apparatus have been devised for its application, fl’he best known of those is the 
])al injectoi', which was developed for the purpose of applying small amounts ot 
carbon disulphide at regular intervals to control/ the vine Phylloxera in France. 
Only rarely have such instruments been used for other substances. 

Those injectors consist of a long central tube terminating in a spike (pal). A 
l(jng narrow piston works in the upper portion of the tube. A container surrounds 
this and communicates with a dosage chamber immediately below the piston, which 
is held in the up position by a spring surrounding it. When the ijiston is depressed, 
the liquid in the dosage chamber transmits the j^ressure hydraulically to a valve 
which opens and allows the liquid to be forced out of the hole at the bottom of the 
spike. The piston automatically closes the communication between the container 
and the dosage chamber as it descends, and when the action of the spring causes 
it to return, the liquid is free to flow into the dosage chamber again. Variations 
and improvements largely concern the position and type of the valve which may 
be at the bottom of the spike (clapet inferieur) or at the side [clapet lateral), and in 
tile coimection between the container and the dosage chamber. A good detailed 
account of the various types, with figures, is given by Vermorel and Crolas (1915). 
A similar apparatus was described by 81ingcrland (1894). 

For apjilication of carbon disulphide on a larger scale, several types of “plough ” 
were constructed in France, 'fhese consisted of a tank and usually a rotary pump 
worldng off the wheels of the plough to whic^h it was attached and a device to regulate 
the flow of liquid into the furrow. Such ploughs are described and figured by 
(fliauzit (1884) and many other contemporary writers, Vermorel and Crolas (1915), 
Feytaud (1923) (who stated that one man and a horse drawing a plough-injector 
did the same amount of work as five men working with hand injectors), and 
Emel’yanova (1935). A more elaborate and modern type is described anonymously 
(1940). The disadvantage of most of these implements is the difficulty of inserting 
the fumigant sufficiently deep. 

(ii) The Volatilisation of TAquids. 

Gaumont (1927) for chlorpicrin, and Riley (1928) for carbon disulphide, have 
described methods of volatilising the toxic, substance and leading the vapour in 
pipes into the soil. Such a method can only be adopted in very limited areas such 
as glass-houses, and Riley made use of piping already laid on in a glass-house for the 
purpose of steam-sterilising the soil. 
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(iii) The Application of large Quantities of Liquids. 

Partly to reduce toxicity to plants, and partly to secure better dispersion, the 
recent trends in soil insecticides have been toward the use ot emulsions, and the 
problems involved in^tho application of large amounts of liquid to the soil are 
similar to those in the spraying of large orchards. Such measures are limited by 
the presence of readily availaljle water. Even under favourable circumstances 
about two gallons of liquid per scpiare yard must be applied to secure adequate 
penetration and the application of some 1(1, OOO gallons or 40 tons of liquid to the 
acre is an expensive and consi<lerable task. It has, however, been accomplished 
in the large-scale treatment of gras.sland in North America to control the spread 
of the Japanese and similar beetles. 

Early methods depended <m a gravity feed {e.g. Davis 1920 r/, for sodium cyanide 
solution), but more recently power sprayers have been developed (Strong, 1931 : 
Fleming and Baker, 1935). Instead of having a reservoir of diluted emulsion, it is 
convenient to regulate tlu' adtlition of a stock emulsion to the main water supply 
by means of flow mt'ters and valves ; such an arrangement is described by I.-('ach 
(1925). JVlerritt ct al. (1933) adopted this technique in pumping a carbon disulphide 
emulsion through a canvas hose through the walls of which the carbon disulphide 
could seej) uniformly. They ai»plied the emulsion at the rate of 21 U.S. gals./sq.ft. 
to an area of 600 sq. ft. per hour of operation, using one 200-ft. length of porous 
hose. 


(iv) /Special Met/mLs. 

Ill special circumstances th<‘ area to be treated {e.g. around a small tree) has 
been surrounded with a low metal cylinder to contain and limit the emulsion (Fleming 
and Baker, 1935). It is common practice in America to distribute nursery stock 
of bush and ornamental trees with the I'oots surrounded with a ball of soil wrapfied 
in burlap. In order to comply with quarantine regulations it is necessary to ensure 
that no Japanese beetle or similar beetle larvae are present in this “ balled stock 
and a special dij)ping technique has been develoj)ed for their control. It is usuall}' 
carried out at a constant, temperatui'c and when a toxic gas is used, in order to 
prevent the poison aflecting the a(Tial [larts of the plant, these are immersed upside 
down in water (Fleming and Baker, 1935). 

Many workers have attem|)ted to ovci'come the ilifliculties ot applying t,(,)xic 
liquids either by adsorbing or absorbing them on suitable dusts or by coiiveiting 
them to jellies and applying them as solids. 

The Distribution of Insecticides in the Soil. 

(i) Fumigants. • 

A considerable amount of work has be('n carried out on this subject, particularly 
with reference to carbon disulphide, under w'hich heading details will be found. It. 
is, however, worth while considering some of the factors likely to affect distribution. 

Bywaters and Polhird (1937) state that Whatever may be th(‘ physical 
problem involved (i. e. either simple diffusion and/or gravitational flow) the rate 
of movement of vapour through the soil seems a decisive factor, since this decides 
not only the actual concentration reached in a given timer but also the period over 
which a lethal dosage is maintained. The rate of movement will be influenced 
piesumably by the amount of interstitial space betwx'cn the soil particles and/oi’ 
the gross porosity of the soil, by factors tending to de,stroy the fumigant (chemical 
interaction with soil constituents, bacterial decomposition, etc.) or by conditions 
which may render the fumigant partially or temporarily inoperative (physical 
absorption, dissolution in the soil water) 

According to Pollard (unpublished), an examination of soils and various sand- 
silt-clay-organic matter mixtures demonstrated that structure rather than the 
ultimate composition of the soil was the major factor affecting rates of diffusion. 
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J^'or the distribution of a fumigant to be effective it ‘must move sufficiently 
rapidly to saturate the soil in a comparatively short time, but not so rapidly that a 
lethal concentration cannot persist long enough to kill the insects. The ideal 
circumstances are those therefore in which the factors influencing diffusion have 
moderate, and not extreme, values. A further analysis of these factors based on 
the statement quoted from Bywaters and Pollard may now be considered. The 
major factors controlling pore space in a soil are as follows : — 

(i) Its mechanical composition. 

(ii) Its moisture content. 

(iii) Its degree of compactness. 

Comparatively little experimental work has been done on (i), though Higgins 
and Pollard (1937) suggested that the teiuh'iicy of carbon disulphide to p(‘uetrati‘ 
more readily into the lower depths of a Beaconsfield soil than a Slough soil might 
bo accounted for by the relatively coarser texture of the former, which assisted 
gravitational flow. There is a considerable amount of empirical evidence sup- 
porting the part })layed by factors (ii) and (iii), many authors having found fumi- 
gations ineffective in wet and in compacted soils. Again direct evidence is scanty, 
but both Leach (1920) and Fleming (1923) have found that the diffusion of carbon 
disulphide is much more rapid in diy than in wet soils. This was also confirmed by 
Pollard (unpublished), who also reported that at the same water content diffusion 
rates increased with the colloidal matter present in the soil, organic matter being 
more effective than clay in this respect. 

Among other factors affecting the diffusion process itself, temperature is one of 
the most imi)ortant. Although it does affect the rate of diffusion, according to 
Leach (1920) it will not affect the ultimate range of the fumigant, and its influence 
on diffusion must- be i;arefully distinguished from its effect on evaporation or vola- 
tilisation of th(} fumigant and on the metabolic processes of the insect. 

Keen (1931) states that the following additional factors affect the mechanism 
of normal gas exchange in the soil : 

(i) Soil tmnperature changes causing expansion and contraction of air. 

(ii) The effect of winds in forcing in or sucking out air from the soil. 

(iii) The influence of barometric changes in causing compression or expansion 

of soil air. 

Such factors do not appear to have been investigated with special reference to 
soil fumigation, but they should be borne in mind when planning or interpreting 
experiments on this difficult subject. 

Pollard (unpublished) has also invesfigated the properties of the fumigant 
itself which affect diffusion, and finds vapour ])res8urc, solubility in water and decom- 
j)Osition by, or combination with, soil constituents to be the most important. 

The most important conclusion to be drawn from all the work on the distribution 
of fumigants in the soil is that the greatest loss of fumigant occurs from the surfaet' 
of the soil (O’Kane, 1922 u ; Fleming and Baker, 1936; Higgins and Pollard, 1937). 
Any methods of decreasing this loss by deeper injections, covering the soil, or flooding 
the top inch or so of soil, should make for more effective results, although Higgins 
and Pollard go so far as to state that even with these aids it is impossible to achieve 
a lethal concentration at the suiTace. Later experiments (Pollard, unpublished) 
gave very successful results when treated soil was either covered or ‘‘ sealed ’ by 
flooding. These results all refer to carbon disulphide, but the same appears to be 
true for })-dichlorbenzene (Chigarev, 1930) and probably for most substances. 


(ii) Solutions and Emulsions. 

The modern use of emulsions as soil insecticides brings this problem to the fore. 
Apart from the work of Fleming and Baker (1935) on carbon disulphide emulsions 
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(which is discussed under that heading), very little has been done. Assuming an 
even application of the liquid, which should not be difficult to accomplish, lateral 
distribution does not enter into this question. What evidence there is on vertical 
distribution suggests, as one would expect, a high concentration of the poison in 
the top few inches of soil resulting from its filtering action, and weaker concentra- 
tions in the lower layers. The degree of penetration depends on the type of soil, 
its moisture content and the total amount of liquid applied. For py rethrum emul- 
sions, Headlee (1930) showed that the emulsifying agent, as well as the pyrethrum, 
was taken up in the surface layer of the soil. He also found less absorption in 
sandy soil. 

Experimental Methods of Assessing the Toxicity of Soil Insecticides. 

(A) Laboratory Experiments. 

In order to avoid some of the obvious difficulties of soil insecticide tests, some 
investigators have exposed the insect to the chemical in air or water instead of in 
soil or have used this method as a preliminary sorting technique. It was usually 
found, however, that the results in the two media were not comparable, and that 
substances which were toxic in air were quite ineft'ective in the soil. The unnatural 
conditions for the test insect also lessened t he value of such work, although interesting 
results were sometimes obtained by these methods, such as the discovery of the 
usefulness of j9/3' dichlorethyl ether as a soil fumigant by Lehman (1933). 8uch 
tests have usually been carried out in Erlenmeyer fiasks (Fleming, 1 925 ; Lehman, 
1933, etc.), and the technique is similar to that used by Strand (1930) for toxicity 
tests on stored product insects. More elaborate methods have been described by 
Bovingdon (1934) which could be applied equally well to soil insects. 

For experiments in soil much simplej* arrangements arc normally used, the 
simplest of all being the ordinary flower pot (whence the term pot experiments 
commonly applied to such tests) or wooden or metal boxes. These are filled with 
soil which may have been previously mixed with the sidjstance to be tested, or 
tills may be added later. The test insects may be introduced before the fumigant 
to allow them to acclimatise themselves to the conditions, or they may be introduc(^d 
any length of time afterwards in order to ascertain the period over which the substance 
is efiectivc. 

Gough (1942) used a series of shallow cylindrical containers arranged vertically 
on top of one another, each with a bottom of coarse wire mesh {(]. in.) which was 
sufficiently open to permit the free movement of the insects and sufficiently close 
to retain the soil. This enabled the test insects to escape from the zone of the fumi- 
gant at least downwards, as they would be able to do in the field. 1’attersfield 
(1928) showed that a given concent ration of naphthalene killed wireworms in a closed 
container, but that in practice, before that concentration was reached, the insects, if 
free to do so, moved out of the range of the fumigant. 

Both Gough (1942) and Fleming (1942) have emphasised the desirability of 
conducting exj^eriments under controlled conditions and with one type of soil. 
Fleming found that larvae of the Japanese beetle varied in their susceptibility to 
stomach poisons according to the time of the year, the source from which they were 
obtained and the period of time elapsing between digging them in the field and using 
them in experiments. He therefore advised that all toxicity ex])eriments should 
be made comparative by using the same standard insecticide in every test in order 
to eliminate these variations. 

It is advisable therefore to control or, failing that, to measure the following 
factors : — 

(a) Temperature. 

This will affect the diffusion {q.v.), evaporation or volatilisation of the fumigant. 
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susceptibility of the insects. The following diagram modified from Jones (1933) 
illustrates the relationship of these processes. 

Soil temperature 


Piiysical processes : Biological processes 

Adsorption 
Absorption 
Evaporation 
Diflf;usion 
\ 

Amount ol chemical Toxicity of 

available as fumigant 

fumigant 

Botli dough and Fleming found it necessary to construct constant temperature 
chambers, dough usetl an underground omi so that experiments could be carried 
out in summer at temperatures similar to those prevailing in the soil. Fleming’s 
chamber was constructed because it wa.s found that tests which would have taken 
six w('eks to perform at temperatures of 55- F. could be completed within two 
weeks at 80-85“ F. in the chamber. 

(b) Soil Moisture. 

This also has an important effect on the physical ])rocesse8 of diJ&usion {q.v.) 
and sorption of the fumigant. It may also, especially at extremes, have a direct 
cliect o!i the insect, and Fleming (1942) found that the activity of Japanese beetle 
larvae was affected in excessively dry soils. Gough used a trial and error method 
to solve the diflicult problem of bringing a large volume of soil to a definite water 
content. 

(c) Soil Type, average Particle Size and Degree of Compactnei>s. 

These factors again affect the physical processes, and it is advisable to stan- 
dardise them as far as possible. For comparable experiments the soil should be 
derived from the same source and level {e.g. top soil only). The particle size of 
the same soil at the same moisture content can be kept roughly constant by sieving 
through a standard riddle. '^Phe compactness is most convenient!}^ regulated by 
introducing a fixed weighed amount of soil into a fixed volume by exerting as far as 
possible the same amount of pressure. Various devices to measure compactness 
have been suggested, and one method is discussed by Bywaters and Pollard (1937). 
By using this method to bring a soil sample to the same degree of compactness as 
the main bulk of soil for an experiment, they were able to measure the pore space 
of the sample, by the displacement of the air with a non-wetting liquid such as 
carbon tetrachloride, and thus calculate the pore space of the main bulk. This 
enabled them to check the efficiency of their standard methods and also, if necessary, 
to study the relationship of pore space with any other factor. 

(d) Period of Exposure, 

^ Soil insecticides are allowed to act as long as they are present in the soil, and 
Gough (1942) thought that short-period experiments would be too far removed 
from practice to be of much value. He therefore chose six days as the minimum 
satisfactory period. As Higgins and Pollard (1937) find that concentrations of 
carbon disulphide are uniformly low after 24 hours, it is possible that for this and 
similar substances a shorter period would be effective. On the other hand, for 
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substaneos like lead arsenate several weeks would be necessary for adequate testing 
but It must be remembered that the longer the period, the more difficult it is to find 
(lead insects as these decay very rapidly in the soil. 

(e) Test Insects. 

The precaution usual in toxicity tests of standardising pre- and post-fumigation 
treatment, condition, stage and species of the insect should be observed. 

(f) Design of Experiments. 

The possibilities of variation are so great that the necessity for adequate repli- 
cation and suitable design of the experiments, .so that the results can be statistically 
analysed, cannot be too highly emphasised. A suggested figure is 20 insects per 
test and live replicates at each concentration, though obviously these numbers will 
vary with the circumstances. 


(B) Field Experiments, 

Field experiiiKails on soil insecticides involv(^ a considerable amount of time, 
lab()ur and expense. For an experiment to b(‘ of value the arrangement must be 
such that it IS capable of statistical analy.sis, and the results should preferably be 
recorded primarily in terms of numbers of insects rather than of crop yield. Althomrli 
the latter is important, complications may arise through a direct elfect of the chemical 
on the crop. 

The determination of the numbers of insects before and after treatment, or the 
tmmbers of dead and living insects after treatment, usually Tpquircss more or less 
-subject has been discussed by Jones (1937) and Ladcll 
(l.Mb, U,j8) with speicial reference to wireworms, from both the statistical and 
technical a.spects. 

It is usually not possible to d(^al with more than about six different treatment.s 
It adcHjuate sampling is to be done, and the final result often cannot be determined 
until the crop has reached maturity. This greatly limits the number of field experi- 
ments that can be performed in one season, and the results then obtained may 
only be applicable to that season and to the particular soil type concerned 

SmaU plot cxiierimcnts (of the order of 1-10 square yards) have been sugge.sted 
and occasionally used as a convenient compromise between preliminary pot experi- 
ments ami I iial field experiments, but they also have disadvantages. The principal 
one IS the difficulty of confining the insects to the treated area. This is sonudimes 
overcome by sinking metal or wooden walls into the ground, but this disturbs the 
texture of the soil. Also on such small plots the amount of soil removed or dis 
iirbed tor examination is liable to be a significant proportion of the whole In 
addition, if It IS necessary to infest the plots artificially, the number of insects 
required is very large and the amount of time spent in collecting or rearing them 
might well bo disproportionately great. 

(C) The Provision of Soil Insects for Experiments. 

Insecticicie experiments necessitate the use of very large numbers of insects 
I hese may either be reared in the laboratory or collected in the field. Tlie breeding 
of hundreds or thousands of iiasects per week is no easy matter with stored product 
iiests which lend themselves to large-scale manipulation, and for the bref'ding of 
which a more or less standardised technique has been evolved, but it is incomparably 
more difficu t with soil insects. Many of the.se, such as certain wireworms and 
hcarabaeid larvae, have long life-histories of three to five vears, and difficulty is ex- 
perienced m bringing even a few to maturity. Many are very susceptible to handling. 
In most experiments, and also in breeding or storage cages, insects have to be con- 
centrated t() a much greater extent than under natural conditions, and this increases 
the risk of diseases. The writer lost several thousand wireworms through a fungus 
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attack in a few months in this way, and the results of a great number of experi- 
ments were invahdated. If the insects arc collected in the field, there may bo differ- 
ences of resistance depending on the season or the source from M'hich they were 
obtained. Such differences can be overcome to some extent by comparing the 
results in each series of tests with that of a standard insecticide used under the 
same conditions. 

The Effect of Soil Insecticides on Plants and Micro-organisms. 

As has already been stated, no effective soil in.secticidc can be applied indiscrimi- 
nately to growing plants. As a rule, the margin between insecticidal and phytocidal 
doses (if one exists) is so small that great care must be taken. Many factors, 
apart from the specific properties of the chemical and plant, are invoKad. 
The corn entration cf the chemical at the plant roots, winch in tln^ case of 
point injections depends on the distance tlu^y extend from the plant, tlu' temperature 
and condition of the soil, and the age and condition of the plant, must all be con- 
sidered. Idle extent of the damage may vary from a temporary wilting or retarda- 
tion of growth to the death of the plant. The |)hysical state of the chemical is also 
im])ortant. For example, Fleming and Baker (11K15) point out that whereas it was 
impossible to inject i^arhon disulphide in insecticidal concentiYitions when the soil 
was in suitable condition without causing serious injury to plants, these could be* 
successfully treated with a carbon disulphide emulsion. Tdiey also found that , when 
in a dormant condition, the roots of many species of ornamental grasses, herbaceous 
and perennial plants, deciduous shrubs and trees could be immersed in a weak carbon 
disulphide emulsion without injury, whereas roots of evergreens were generally 
injured at all seasons. 'I'here appear to b(‘ few generalisations of this tyjie that 
can he made, and the original jiaper must be referred to for indications of the di'gn'c 
of toxieity to jilants for any given sidistanc(\ Where marked effects were observed, 
(he present writer has usually noted them in the appropriate place, hut reference's 
to experiments on the direct effect of ('hemicals on ])lants have not been specially 
sought out. A numher of such refen'iices an' given by Ikjurcart (11)26). 

Very early in the use of carbon disidphide, Girard drew attention to the* unusually 
tine' crops of corn and potatoes grown on land previously treated with carbon disul- 
phide (Vermorel and Crolas, 11)15). The vigorous growth and deep green colour ol 
vines on treated land were also remarked upon, but contemporary investigators 
were unable to come to any satisfactory conclusion as to its (ause. Later it was 
shown to be generally associated with an immediate drop, and later, a rapid increase 
in the numbers of soil bacteria, the increase continuing to a point much higher 
than the original numbers. The phenomenon was referred to as ])artial sterilisation, 
implying that although all the soil pests and some of the henclicial bacteria were 
destroyed, enough of the latter remained alive to restore the fertility of the soil. 
Martin (1936) has given an excellent summary of the theories advanced to explain 
the increased fertility of soil treated by various chemicals, and his account (under 
■' vSoil Treatment ”), and the references he cites, should be consulted for further 
details. 

The references to the effect of different chemicals on the numbers of soil micro- 
organisms and their activities in the soil are too numerous to consider in the present 
review, though some are noticed under the chemical concerned. In view of the 
importance of carbon disuli^hide. the work of Fleming and Baker (1935) may' he* 
mentioned. They found that the application of small amounts of this substance 
t o the soil resulted in an increase in the numbers of fungi, little change in the numbei s 
of bacteria, no effect on nitrates, but an accumulation of ammonia in the soil. Th(^ 
application of carbon disulphide emulsion caused an increase in the numbers of 
bacteria, which ultimately dropped to the original level, and an increase of ammonia, 
but, as before, had no effect on soil nitrates. Water alone did not cause these 
responses, but it did compUcate the effect on the fungi. 

An interesting phenomenon was recorded by Tatterslield (1928) for naphthalene. 
He found that naphthalene disappeared far more rapidly from soil previously treated 
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with it than in previously untreated soil. Bacterial counts confirmed his suggestion 
that a certain species of bacteria was able to utilise this substance as a source of 
energy, and increased in numbers so much with one treatment that they could 
more rapidly reduce the naphthalene of a second treatment. As might be expected, 
the disappearance was more marked in organic soils, which were richer in bacteria. 

Enough has been said to indicate that this factor is one which should not be 
overlooked -when working on soil insecticides. The necessary technique is, however, 
slow and laborious, and time would probably only permit of careful studios on a 
lew substances shown to be promising. 


THE MORE IMPORTANT SOIL INSECTICIDES. 

(Arranged in alphabetical order.) 

Calcium Cyanide (Ca(CN)2). 

Crystalline. In the presence of water, calcium cyanide gives olf hydiocyanic 
acid gas according to the following equation : 

Ca(CN)2 1-2H2() - Ca(OH)2-l-2nCN. 

It is the most widely used of the cyanides for the control of soil iusects aud can 
hi) obtained (dther finely ground or in a. granular foini. By anotlua' [iiocess of 
manulacture a product more akin to tlu* acid cyanide CallolCN).! is obtaiiu'd. 
This product is capable of generating iiKun hydrocyanic acid. 

Calcium cyanide may be applied in solution, or as a solid, in one of the following 
ways : 

(1) In holes at regular intervals or at the base of plants to prcviait or (jontrol insect 

attack. 

(2) Drilled in rows with a seed drill, usirig a gramdar foini. This indhod may also 

be used in conjunction with a bait to attract tin*, ius(*ct into liniited areas, 

(3) Broadcast on the surface by hand or by fertiliser distributor and worked in l)y 

harrowing or ploughing. 


Experiments in Air. 

Melander (1924) de, scribed experiuH'iits to determiiK' the amount of volatile 
]joi.sons required to saturate a given (juantity of .soil aud the subsispient rate of 
killing the bean weevil {Bnichus sp. ^). Calcium eyankh' was very (dfective, killing 
the beetle within 28 minutes, whereas sodium cyanide took over half a day. He 
calculated that almost 700 Ib./ac. (780 gm./s(p m.) to a depth of one foot would be 
necessary to saturate the soil with a toxic vapour. 

Fleming (1925) ; minimum lethal dose 10 mg./I. 


Experiments in Soil. 
Gryllidae. 


ORTHOPTERA. 


Watson (1925) found 1,200 Ib./ac. (134 gm./sq. m.) evenly distribuHid oji the 
sujiace of the ground gave an effective but (!X pensive control of mole crickets. 
Frappa (1931) recommended that it should be distributed in the underground galleries 
of Brachyirypes membranaceiLs var. colossea, Sauss., to control this pest, which was 
destroying the roots of coffee and other plants. 


DERMAPTERA. 

Forficulidac, 

Steinweden (1934) found f oz. (21 gm.) gave an effective control of the earwig, 
Forficula auriculariaf L., in balled nursery stock within 24 hours at 60° F. (15-6° C.). 
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The cyanide was placed on the inner side of the burlap covering the soil ball and 
tlio ball rewrapped. Mackie (1934) in California obtained a similar result using 
.1 01 . (28 gm.)/cu. ft. (1 kg./cu. m.) of .soil. All tbe earwigs were dead after one 
ihour. 

LSorTERA. 

Jepson (1926) found (2*8-14 gm.) drilled below tea bushes did not 

prevent termites, Cahfprmps sp., attacking the bushes. 

THYSANOPTERA. 

Miles (1927) recommended granular calcium cyanid(^ at the rate of 1 lb./12 cu. it. 
(1333 gm./cu.m.) of soil to kill hibernating thrips which might otherwise atta(‘k 
orchid .seedling.s. 


HEMIPTERA. 

Aphidac. 

Outright (1925) was able to kill numerous root Ajdiids {Procijihilus prigonmenm, 
Thos.) on white asters by digging in 1 gm. of cyanide around each plant. Higher 
amounts .seriously injured the asters. Tn an attempt to control the black peach 
aphis {A nnraphis j)ersicm-7iigpr^ Smith) he found that |-f oz. (10-20 gm.) per tree 
resiilt(Hl in the death of .several peach trees. French and Levick (1925) also found 
tliat 1 oz. (28 gm.) affected the root .system of pear trees when it was scattcTcd on 
(he surface of the soil and dug in to a depth of 6 in. (15 cm.), and it was not very 
('ITcctivc in controlling the jjear w'oolly aphis {Eriosoma pijricola, Bak. & l)av.). 

LEPIDOPTERA. 

Aegeriidae. 

Headlce and llg (1926) were unable to kill larvae of the ras]d)erry crown 
borer {Pcmmelia tnargmafa., Harr.) with calcium cyanide without injuring the 
])lants. 


Noctuidae. 

Hies (1929) obtained an effective control of pupae of the Iris borer {Macro- 
noctm onusta, (3 rote) by watering the soil arouiKl the plants with a solution of 
J Joz. of calcium cyanide in I U.8. gal. (0*9-l*8 gm./L). This did not. injure the 
plants. 

Crambidae. 

D’Emmerez de Charm oy (1929) recommended a 1/500 solution of calcium cyanide 
for the control of Gramhus seychelklus, Fletcher, in lawns. Noble (1932) found 
2 oz./sq. yd. of a 40- 50% calcium cyanide dust (30 gm./sq. m.) ineffective against 
sod webworms in lawns. Moutia (1934) destroyed large numbers of Crmnhm 
fmrnerezellus, do Joannis, a pest of lawns, with a .solution of calcium cyanide of 
2 gm./l. followed by thorough watering or Hooding. 

COLEOPTBRA. 

Scarabaeidae. 

Box (1925) obtained up to 85% kills of white grubs {Tjadinosterna sp.) on sugar- 
cam^ by scattering 1 oz. (28 gm.) over the soil for a radius of 9 ins. (22-5 cm.) 
around the stool, followed by a thorough watering. Zappe and (Jarman (1925) 
broadcast a coarse dust containing 49-50% calcium cyanide at 4 and 6 oz./sq. yd. 
(136-206 gm./sq. m.) with a hand fertiliser drill on a lawn infe.sted with Oriental 
beetle grubs {Anomala orientalis, Waterh.). After treatment the lawn was thoroughly 
W(4ted and a. satisfactory kill was obtained. J-1 oz. (9-28 gm.) doses applied 
in holes 12-24 ins. (36-72 cm.) apart were ineflfective. Britton and Zappe (1926) 
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recorded complete mortality of the same insect in lawns at 4, 6 and 8 oz./sq. yd. (136, 
204, 272 gm./sq. m.), but the grass was damaged by the treatment. A hne-grade 
proprietary calcium cyanide (Cyanogas) at 1, 2, 3 and 4 oz./sq. yd. (34, 68, 102, 
136 gm./-3q. m.) also gave complete kills without injuring the lawn. Jarvis (1927 a) 
found that 10 grains (0-6.5 gm.) placed 2 ins. (5 cm.) above eggs of the cane-beetle 
{Dfrmolepidd albokirium, Waterh.) resulted in a complete kill within 24 hours. 
Uiclianco (1928) recommended that sugar-cane infested with grubs of Leiicopholis 
irroratci, Chevr., should be treated witli granular calcium cyanide at 10 gm./hill, 
10 cm. deep. Whilst this measure wouhl not .save the infested plant, it would 
reduce centres of infestation for future crops. Mcfyarthy (1928) obtained a 70% 
kill of the wheat root grub [Anodontonyx tetricus, Blkb.) in an experimental plot 
treated with 30 o/./lOO sq. ft. (90 gm./sq. m.). Applied in the field through a manure 
hopper at 20 Ib./ac. (2-2 gm./sq. m.) it was quite ineffective. Nichol (1935) reported 
fairly good results in the control of larvae of the fig beetle [Cotinu fexam, Casey) 
by applying a teaspoonful of calcium cyanide to each larval tunnel. The method 
was only satisfactory in a dry soil. Chigarev (1932) obtained a 93-5 % kill of 
Scarabaeid larvae with 60 gm. doses of calcium cyanide in holes 20 ins. (50 cm.) 
apart (240 gm./sq. m), but found it uneconomic. Jarvis and Burns (1926) recorded 
a reduction of 37 % of cane grubs {Dermolepida alhohirium, Waterh.) attacking 
sugar-cane with i-dram doses. Burns (1926) obtained a 40% kill of the same 
species by the application of four doses, each of I oz. (3 gm.) per stool. 

Elateridae. 

Horsfall (1924) obtained an 84% average kill of wireworms attacking early 
cabbages near Philarlelphia by applying 6-8 gm. of granular calcium cyanide 

3 ins. (7-5 cm.) from each plant in the furrows left by cultivation. The ])lants with- 
s ood doses up to 10 gm. without injury. Campbell (J924), after recording promising 
results in preliminary pot experiments, applied calcium cyanide on a field scale 
at 200 II). /ac. (22 gm./sq. m.) and was able to secure 75% or higher kills of the wire- 
worms, Phdeks calif ornic'us, Mannh., and P. occidentalism Cand. It was applied 

4 6 ins. (10-15 cm.) (ieep or at the level at which the wireworms were most abundant. 
Idle best res\ilts were obtained in the spring and when the soil was neither too compact 
nor too loose. Planting could be carried out 7-10 days later. Headlee (1925) 
found flake calcium cyanide at the rate of 0-1 oz./sq. ft, (30 gm./sq. m.) a})plied in 
furrows I in. (2-5 cm.) deep and 6 ins. (15 cm.) apart killed wireworms (probabh^ 
M(damtus .sp.) within 3 ins. (7-5 cm.) laterally and 12 ins. (30 cm.) vertically. 
Drilled 4 ins. (10 cm.) from cabbage seed, 0-2 oz./linear foot (18 grn./m.) were required 
to kill the wireworms, but at this rate three-quarters of the plants were killed. 
In 1926, using similar rates, 0-11 and 0-126 oz./sq. ft. (33 and 38 gm./sq. m.), he also 
reported some control. Horsfall and Thomas (1926) compared various methods of 
application of the granular cyanide in the control of wireworms {Pheletesand Agriotes 
sp.) on vegetable crops. Up to 250 Ib./ac. (28 gm./sq. m.) broadcast with a lime 
sj)reader, only resulted in 5-7% carrots being damaged by wireworms, compared 
with 12% in the control. When applied in plough furrows 14 ins. wide and 5 ins. 
deep (35x12-5 cm.) at 300 Ib./ac. (33 gm./sq. m.), 17-2% potatoes were damaged 
compared with 37-3% in the control. The following year beet was grown in the same 
field and no plants were lost on it compared with a 50% loss on an untreated field. 
Using a special applicator attached to the plough, at 225 Ib./ac. (25 gm./sq. m.), 
17% of the carrots were damaged, but only 0-1% in the following season. All these 
applications were made in the spring ; summer applications to growing crops 
resulted in the death of the plant if the rate was high enough to kill wireworms. 
Britton and Anderson (1926) recommended calcium cyanide drilled into soil at 
100 Ib./ac. (11 gm./sq. m.) to control Phektes ectypus, Say, injuring tobacco in 
Connecticut. After treatment, the plants could be set out within a week. Calcium 
cyanide could not, however, be applied when the plants were on the ground (Britton 
1926). Headlee (1927) made further field tests using a special plough attachment, 
and at 0-1 oz./sq. ft. (30 gm./sq. m.) secured an 86% kill of wireworms 14 days after 
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application. Lacroix (1934) applied it in furrows at 100 Ib./ac. (11 gm./sq. m.) 
4 ins. (10 cm.) deep and covered with soil, and found all wireworms (Phelftes ectypm, 
Say) within 6 ins. (15 cm.) on each aide were dead. Applied at the same rate with a 
corn planter to each row of young tobacco plants 21-:n ins. (8-9 cm.) deep, a 66% 
kill was obtained in cold weather after four days. McDougall (1934) found it ineffec- 
tive in controlling Lacon variabilis, Oand., when the cyanide* was drilled in rows in 
sugar-cane fields 2 ft. (60 cm.) apart at 200 Ib./ac. (22 gm./sq. m.). When applied 
sLiliicicntly near the plants to kill the wireworms, the plants were also killed. Strong 
(1937) reported a 78% kill of Pheletes calijornicus, Mannh., and P. camis, Lee., 
attacking onions in Washington after the application of cyanide at 400 Ib./ac. 
(45 gm./sq. m.). Morrill and Lacroix (1938) found that calcium cyanide drilled 
into the soil at oz. (7-14 gm.) per plant beside newly set out tobacco plants 
killed both wireworms (mainly Phektes ectypm, Say) and plants. Kharitonov 
(1939), after a crop of lupins had been destroyed by wireworms, treatcal the soil 
with a preparation of calcium cyanide applied in holes 8 ins. (20 cm.) deep and 20 ins. 
(50 cm.) apart at 15, 20 and 25 gm. per hole (60 to 100 gm./sq. m.), and measured its 
(‘iTcct by the numbers of wireworms attracted to baits .set out 14 days later. I’he 
total numbers attracted to 10 baits in the treated plots ranged from 1-6 compared 
with 31-82 in the control plots. Wilson (1940) treated seed-beds at 300 Ib./ac. 
(34 gm./sq. rn.) broadcast, and only secured a 2% kill of wireworms (probably Melan- 
f)tm communis, Gylh.). 

Palciiim ('yanide used in ConjuncAion with Baits for the. ( 'o7itrol of Wirewoons. 

The practice of attracting wireworms with baits and then removing or destroying 
the wireworms is a long-established one in glasshouses. The extension of this to a 
Held scale ap[)ears to have been first suggested by French (1916) (see under “ Sodium 
ryanide ”) and later (1924 onwards) developed in America with the increasing use 
of calcium cyanide, which proved particularly suitable for the purpose, as it could 
h(^ obtained in a granular state which could be drilled with a seed drill. 

0ampl)ell (1924) proposed the aggregation of wireworms with baits and subs(‘- 
quent fumigation with calcium cyanide. Spider (1925) also suggested the use of 
baits, and proposed germinating seeds of garden vegetables and flowers for this 
[Hirpose. The rate of application of cyanide could then be re: I need to 1001l)./ac. 
(II gm./sq. (5111.), which should be applied 14 days after the sotting out of the 
baits. When flour and potato baits had been placed in holes, a teaspoonful of 
cyanide per hole was 85-95% effective. Campbell (1926) recommended that after' 
the concentration of wireworms to the baits, which were drilled in I’ows 2| ft. 
(75 cm.) apart, the rows should be treated with 5 -5^ lb. /1 000 ft. (75 gm./m.). 
This necessitated rather less than 100 Ib./ac. (11 gm./sq. m.) and gave an average 
mortality of 91%. Horsfall and Thomas (1926) attracted wireworms {Pheleks 
and Agriotes sp.) to sweet corn sown in rows 4 ft. (120 cm.) apart. Kighteen 
days later granular calcium cyanide was worked in at 400 and 200 Ib./ac. (45 and 
23 gm./sq. m.), resulting in kills of 70-80%. Kven better results were obtained 
with a longer interval of time and the rows 2 ft. apart. Ploughing beforehand 
to iacilitate movement of the wireworms in the soil also resulted in increased kills. 
C. A. Thomas (1926) also recommended maize sown in rows 2 ft. (60 (^m.) apart in 
the early spring as a trap crop when the wireworms were beginning to move upwards, 
and about two weeks later calcium cyanide drills! close to the rows at 150 Ib./ac. 
(17 gm./sq. m.) at least as deep as the seed was sown. 

Miles and Petherbridge (1927) confirmed the value of this method in experi- 
ments carried out in Lincolnshire on Agriotes sp. They found bran and germinating 
wheat the most effective attractants, but stated that baiting was not effective on 
newly ploughed-out grassland before the sod had decayed. They recorded kills 
of over 90% with wheat drilled 5 ft. (150 cm.) apart, and 14 days later treated with 
cyanide at 70-90 Ib./ac. (8-10 gm./sq. m.). They also showed that the method 
could bo used successfully in glasshouses, where they recommended the application 
of 3 lb./ 100 yards of row. 
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Hawkins (1936) found a varying response to baits under different conditions. 
i oz. (7 gm.) cyanide applied to baits gave a 77% kill of wire worms in one season 
and 63% in another. In 1931 wheat planted in May attracted an average of 121 
larvae per. yard of row, but drilling cyanide close to the row caused no reduction 
in the numbers. The weather was cold and moist. It appeared that the method 
of baiting was only useful at certain times in the spring and autumn when wireworms 
were active and soil conditions suitable and there was neither turf nor crop to compete 
with the bait in attracting wireworms. According to him the gas does not diffuse 
downwards below the point of injection, and only to a radius of 10 ins. (25 cm.) 
laterally. 

Thomas (1930) summarised the information on the use and best practice of 
this method in the following recommendations. He states that it must be under- 
stood that baiting is meant for use only on small-scale operations, as in market 
gardens, and he doubts if it would be practicable on an agricultural scale. 

1. Remove crop remnants and weeds, and plough and harrow before baiting. 

2. Use baits in the spring, when the wireworms are becoming active. 

3. The beat baits are wheat, oats or corn (maize), drilled in rows about 2| ft. (75 cm.) 

apart and 2 ins. (5 cm.) deep. 

4. Allow about two weeks to elapse between baiting and treating the rows with 

cyanide, time enough for most of the wireworms to reach the baits. Too dry 
or too cold soil may retard their movements. 

5. Apply the cyanide when the soil is easily worked, but not wet, as the cyanide 

does not readily permeate wet soil. 

6. Apply the cyanide uniformly with a seed drill, preferably slightly below the 

level of the bait. 

7. Use about 6 lb. of the granular calcium cyanide per 1000 ft. of row ; this will 

amount to almost 100 lb. per acre (11 gm./sq. m.) when the rows are 2i ft. 
(75 cm.) apart. 

8. Do not plant the regular crop for at least a week or 10 days after this treatment 

or cyanide gas may injure the plants. 

Buprestidae. 

Rekk (1932) found calcium cyanide applied in furrows 8-10 cm. deep and 10-13 cm. 
distant from the trees was ineffective in controlling larvae of the black flat-headed 
borer (Gapriodis tembrionis, L.) attacking fruit trees. 

Cluysomelidae. 

Driggers (1927) recorded a 95% kill of Rhabdopterus picipest 01. (cranberry root 
worm) on cultivated blueberries with an application of J oz. (14 gm.) calcium cyanide 
at the base of the plants and the soil lightly raked towards the plant, which was 
unharmed by the treatment. Feytaud (1932) killed Colorado beetles [Leptinotarsa 
decemlineaJta, Say) up to 15 cm. deep in the soil with cyanide at 90 gm./sq. m. applied 
10-20 cm. deep ; 30-40 gm./sq. m. yielded a negative result. 

Cerambyoidae. 

In an anonymous publication (New Mexico, 1933) it was stated that larvae of 
Priovm caUfornkus, Motsch., buried one foot or more below the surface were un- 
affected by calcium cyanide at the rates normally used for 6-()-year-old trees. Later 
(New Mexico, 193o) negative results were obtained when 10 larvae of this insect 
were caged at the bottom of a trench 6 ft. long and 2 ft. deep treated with cyanide 
at 4 oz./cu. ft. (4000 gm./ou. m.). Chamberlin (1926) obtained 33% kill of the goose- 
berry root borer {Xyhcriua agassizii, Lee.) with applications of 1-3 oz. (28-72 gm.) 
cyanide per gooseberry bush, and the treatment destroyed the plants. 



17 


Oryptophagidae. 

Edwards and Thompson (1934) in an attempt to control the pigmy mangold 
Ix elle {Atomaria linearis, Steph.), broadcast calcium cyanide on the soil and ploughed 
it in at cwt./ac. (72.gm./s(l. m.). This treatment had no significant effect either 
on the yield or the observed numbers of insects. 

f'urciilionidae. 

F. F. Smith (1932) found calcium cyanide ineffective in controlling third- and 
fourth-instar larvae of the vine weevil {Otiorrhynchus sulcatus, F.) at rates that 
were not injurious to cyclamens and primulas on which the grubs were feeding. 
W. H. Edwards (1934) recommended U-21 oz. (42-70 gm.) per tree to control Ww 
larvae of the weevils, Prepodes vittatm, L., and Pachnaeus litas, Genu,, attaeUiug 
the roots of young citrus trees in Jamaica. Krasnyanskii (1937) obtained a 72-78% 
kill of Otiorrhynchus turca, Boh., grubs with I oz./sq. yd. (34 gm./sq. rn.). 

HYMENOCTERA. 

Sphecidae. 

F. F. Smith (1925) controlled the Cicada killer {Sphecius speciosus, Dru.) by 
placing a teaspoonful of cyanide in the opening of each burrow' of the insect. 

Andrcnidae. 

Sanders (1928) failed to control the solitary bee {Andrena perplexa, Smith) 
burrowing in lawns by dusting with calcium cyanide. The grass w{»s injured by 
the treatment. 


DTPTBRA. 

Cecidomyiidae. 

Miller (1925) found that IJ lb./200 sq. ft. (36 gm./sq. m.) worked into the soil 
with a spade gave complete control of larvae and pupae of the pear leat-curling 
midge {Dasyneura pyri, Bch.). Staniland and Walton (1930) stated that .1, 1 and 
2 oz./sq. yd. (17, 34, 68 gm./sq. m.) worked into the soil iti June to a depth of about 
4 ins. (10 cm.) effected complete control of the pear midge {Conlarinia pyrivora, Kil.) 
in a light garden infestation. A considerable reduction also resulted when these 
amounts were applied to a heavy wet soil in October. 

Anthomyiidae. 

Hille Ris l^ambers (1932) found that all pupae of the beet fly (Pegomyiahyoscyami, 
Panz.) were killed in soil containing 0-1% cyanide. 

Trypetidae. 

Wiesmann (1933) found it useless for the control of immature stages of th(i 
cherry fly {Rhagoletis cerasi, L.) up to 20 gm./sq. m. 

MYRIOPODA. 

C. A. Thomas (1926) recommended granular calcium cyanide at 400 Ib./ac. 
(45 gm./sq. m.) for the control in autumn of millepedes in cold frames. 

Scutigerella immaculata, Newp. (Glasshouse Symphylid). 

In an anonymous publication (Oregon, 1928) failure to control this pest with 
calcium cyanide at 8 oz,/l,000 sq. ft. (24 gm./sq. m.) broadcast on the surface and 
dug in is reported. Wymore ( 1931 ) obtained 80% kiU applying cyanid(‘ in furrows 
3-4 ins. (7-5-10 cm.) deep in asparagus beds at the rate of J oz. /linear yard (15 gm./m.). 
Applied in the field 6-7 ins. (16-17-6 cm.) deep at 125 Ib./ac. (14 gm./sq. m.) only a 
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few individuals near the furrows were killed. Filinger (1931 6 ) found it a very 
effective remedy applied to the subsoil at 1 lb./75 sq. ft. (61 gm./sq. m.). Michel- 
bacher (1932), applying it broadcast to small plots at 300, 600 and 900 Ib./ac. (34, 67 
101 gm./sq. m.), obtained 54, 65 and 80% kills respectively. 

MISCELLANEOUS. 

According to Muir and Swezey (1926), calcium cyanamide containing 40% calcium 
cyanide, applied at 3 tons/ac. (300 gm. /cyanide sq. m.), gave excellent results in 
fallow land, and killed 96% of various soil pests in ratoon cane. Sugar-cane planted 
one week after application was uninjured. 

Summary. 

Up to about 30 gm./sq. m., calcium cyanide has only been effective in about 
half the references quoted. At rates of 30-60 gm./sq. m. and up to nearly 300 gm./sq.m. 
it has usually been effective, giving kills of 80% or higher. Used in conjunction 
with a bait to concentrate insects beforehand, rates of 10-20 gm./sq. m. have given 
high kills of wireworms under certain favourable conditions. 

Carbon Disulphide (CSj). 

Liquid. S.G. 1*256 at 22° C. A colourless oily liquid when pure ; commercial 
samples are yellow and evil smelling. 

Carbon disulphide has been more widely used as a soil fumigant both in laboratory 
and field experiments than any other substance. Its early history is associated 
with the control of the vine Phylloxera (q.v.) which swept across the French vineyards 
at the end of the nineteenth century. 

Many different types of apparatus have been devi.sed to facilitate its application 
and many methods developed for studying its distribution and determination in 
the soil. Nowadays it is frequently used in the form of an emulsion, and in America 
especially this has proved highly successful. Fleming and Baker (1935) have brought 
together and summarised in a very useful paper a vast amount of literature describing 
its use with especial reference to the Japanese beetle, its determination and distri- 
bution in the soil and its effect on micro-organisms and plants. Much of the general 
information in the succeeding pages has been derived from this summary. 

Detection and Estimation. 

The most satisfactory methods are those in which the compound is absorbed in 
alcoholic potash and the amount of carbon disulphide determined colorimetrically, 
gravimetrically or volumetrically. Fleming and Baker (1935) found volumetric 
estimation by iodine the best of these methods, and it was also used by Higgins and 
Pollard (1937). To determine the amount in the soil it is necessary to vaporise 
the carbon disulphide by passing a warm stream of carbon dioxide-free air through 
the soil and absorbing the vapour in alcoholic potash. (Equation ( 1 ).) This solution 
is diluted with distilled water, neutralised with acetic acid using phenolphthalein 
as indicator, taking care to avoid excess acidity. Solid sodium bicarbonate is added 
and the standard iodine solution is added steadily from a burette until a faint blue 
colour appears with a few drops of starch solution. The iodine converts the acidified 
xanthate into a complex sulphur compound. (Equation (2).) 

C 2 H 5 OH f KOH-j-CSj— C 2 H 5 OC 82 K (potassium ethyl xanthate) -f HgO ( 1 ) 

2 C 2 H 50 CS 2 H-|-l 2 -(C 2 H 50 CS) 2 S 2 H-f 2 HI (2) 

Tischler (1932) has described a micro-analytical qualitative test in which a 
yellow colour (pronounced if the carbon disulphide exceeds 1 / 100 , 000 , and tinged 
if it exceeds 1 / 1 , 000 , 000 ) appears when a mixture of diethylamine solution and (jopper 
acetate is addeci to 1 cc. of the solution to be tested. 
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Distribution of the (las in the Soil. 

This subject has been studied by Meming and Baker (1935) and Higgins and 
Pollard (1937). The American workers relied on gas samples taken by aspiration 
from the soil spaces, though, as they realised, this method is open to the objection of 
disturbing the equilibuum. They confirmed their results by biological tests. 
Higgins and Pollard took samples of the treated soil and estimated- the amount of 
carbon disulphide present by the method previously referred to. Both workers 
stressed the difficulty of achieving a high concentration of fumigant near the surface 
because of the loss of vaj our to the atmosphere and the tendency of the chemical 
to diffuse downwards. Higgins and Pollard summarised their results derived 
from experiments carried out in largo boxes as follows : 

At any given time there is a relatively high concentration in the zone of injection 
and immediately below it. 

There is a rapid decrease of concentration as the surface is approached and a 
somewhat slower decrease with depth below the zone of injection. 

The time -concentration curve for each individual layer represents a sharp rise 
to a maximum concentration, followed by a slower decline to a low level, which is 
normally reached in about 24 hours. 

Variation in the depth of injection raises or lowers the zone of high concentration 
without appreciably affecting the surface layer to a depth of 3 ins. (7-5 cm.). 

Increasing the amount of fumigant per injection appeared to increase the per- 
sistence of an effective concentration without causing a marked change in distribution 
or the maximum concentration attained. 

There were indications that the loss of fumigant from treated soil occurs largely 
through the surface. 

An effective concentration could not be produced in the surface layer by variation 
of the depth or amount of injection or by covering the surface with sacking. 

The nature of the concentration gradient in the soil suggests that movement of 
the vapour is largely a simple diffusion process, but that in coarse textured or loosely 
packed soils a gravitational flow (as of a viscous fluid) may occur to a hmited 
extent. 

The concentration is uniformly low at all depths after 24 hours, and there is no 
concentration of practical value after 40 hours. 

Fleming and Baker described the area of high concentration around a point of 
injection as cone-shaped, with the apex close to the point of injection. The maximum 
lateral diffusion was about 24 ins. (60 cm.), and no increase of dose increased that 
distance. Thus a large number of small doses would be more effective than the same 
amount of fumigant injected in large doses further apart. 

Bonier and Thiem (1921) suggested methods of regulating the action of carbon 
disulphide by the addition of fish oils and other heavy oils so that its toxicity to 
plants was reduced and its persistence in the soil increased. They (1925) and other 
workers have experimented with carbon disulphide in the form of a jelly to facilitate 
handling and to decrease its volatility. 


Decomposition in the Soil. 

According to Pollard (unpublished), there is evidence of the decomposition of 
carbon disulphide in soil. Within limits this decomposition tended to occur with 
increasing rapidity if the fumigation was repeated. Destruction of carbon disulphide 
was more marked in soils containing high proportions of organic matter, and resulted 
in the production of hydrogen sulphide which combined with iron compounds in the 
soil to cause temporary blackem’ng due to the formation of iron sulphide. These 
changes were demonstrable only when the oxygen supply was very limited and were 
largely reversed when the soil was aerated. 

c2 
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Experiments in Air. 

TatteraMd and Roberts (1920): low toxicity (526). 

Fleming (1925) : minim urn lethal dose in air 44 mg. /I ; in water 215 mg. /I. 
Lehman (1933) found 31-5 mg. /I. for a dve-hoiir exposure to be the median lethal 
dose (50% kill) for the wireworm, Pheletes califomicus, Mannh. Thalcnhorst (1937) 
for thirddnstar larvae of the cockchafer (Mehhntha hippocaskmi, F.) gave 262 mg./l. 
for a 24-hour exposure as the minimum lethal dose. 

Experiments in Soil. 

(a) Applied undiluted. 

COLLEMBOLA. 

Headlee (1016) used carbon disulphide at J oz./cu. ft. (55 gm./cii. m.) to control 
the mushroom springtail {Hypogaslrura armaUi, Nic.). 1'hc liquid was poured into 
holes made in the beds 2.1 ins. (6 em.) deep and 12 ins. (30 cm.) apart. All th(‘ 
springtails were killed, but the treatment was liable to damage the mushrooms. 

OBTHOPTERA. 

Gryllidae. 

Peyran (1913) was able to control mole-crickets (Oryllotalpa sp.) with 10 gm. 
doses poured into holes 50 or 75 em. apart (40 and 25 gm./sq. m.). Similar recom- 
mendations were made by Vermorel (1905), Marchal and Prillieux (1916), Feytaud 
(1917 and 1933 a), Marchal and Foex (1918), and Conte (1928). Feytaud also 
suggested rates up to 100 gm./sq. m, under certain circumstances, especially where 
there were no plants. Somewhat higher rates (80 to 130 gm./sq. m.) gave kills of 
75 and 90% in Algeria according to Delassus (1923). Sonan (1931) recommended 
])Ouring 2gm. into holes of the cricket, Brachytrypes portentmus, Licht., which emergtxl 
from the holes at night to cut off [)lants. In an anonymous publication (New South 
Wales, 1940) injections of J- ff. oz./sq. ft. (76 gm./sq. m.) were advi.sed to control the 
mole-crickets, GrylloUilpa afrimna, P. de B., and G. australis, Kilchs., whicli were 
causing serious injury to lawns. 


l.SOPTERA. 

Jepson (1926) obtained 95% kill of tea termites {Caloterm.es sp.) building nests , 
under tea bushes and hollowing out the stems with 2 oz. (71 gm.) per bush. Har- 
greaves (1929) recorded good results in the control of termites attacking citrus 
stock in Sierra Leone by injecting 10 cc. (13 gm.) per plant 8 ins. (20 cm.) from the 
])lant and 3 ins. (7-5 cm.) deep. Jarvis (1927 6) advised the application of 1 to 8 oz. 
(35-284 gm.) to disinfe.st soil from which sugai'-can(‘ stools attacked by t(u-rnites had 
been removed. 

HEMIPTERA. 

Coccidae. 

Gardner (1926) recommended 60 drops (I 11. dram) of carbon disulphide/4 cu. ft. 
(6 gm./cu. m.) repeated every week or so for the control of mealybugs {Pseudococcus 
sp.j. 8churmann (1922) advi.sed three injections, each of 10 cc., of carbon disul- 
phide/sq. m.(38 gm./sq. ra.), 25 to 30 cm. deep, to destroy centres of infection of 
the scale insect, Margarodes vitium, Giard, a pest of grape-vines in South America. 

Aphidae. 

Phylloxera vaskitrix, Planch, (Vine Phylloxera). 

The use of carbon disulphide to control this pest is probably the earliest use of a 
soil insecticide on a large scale. According to Vogt (1924), it was first used in this 
way by Baron Thdnard in 1872, though Willaume (1931) and Fleming and Baker 
(1935) quote the date as 1869. It was employed in two ways. Firstly, as a means 
of wiping out a small infestation in a district where the Phylloxera had not previously 
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<a|)pcared. Secondly, as a method of destroying or reducing an infestation without 
harming the vine. Examples of the first method, which may vary according to the 
regulations of the country concerned, are given by Grassi (1916) and Bourcart 
(1926). The vine is destroyed and the stocks rooted out aiid burnt and carbon 
disulphide injected at the rate of 200-400 gm./sq. ni. The details vary considerably ; 
the treatment became far less drastic in later years, and it is rarely employed now. 

The more eommon method of control, of applying lower rates (24-40 gm./sq. m. 
in four injections) of carl}on rlisulphide to kill the Phylloxera without harming the 
stock is described by Girard (1S83), Chauzit (1884) and many others. French 
scientific literature of that period is full of references to the chemical control of the 
“ scourge ”, and these two authors are selected because their books happened to 
be available. More recent references are by Vermorel and Crolas (1915) and Bourcart 
(1926), who recommend a minimum rate of 20 gm./sq. m. applied in two, or preferably 
four, injections. (8ce also Faos, 1926 ; Faes and Tondiiz, 1926, 1927.) Printz (1926) 
has also experimented with carbon disulphide for the control oi Phylloxera in Russia, 
and obtained oonif)lete control with a mi.xture of about 1 oz. carbon disulphide 
and 1 oz. kerosene/sq. yd. (40 gm. of cach/sq. m.). Less attention has bt‘Gn paid 
to the chemical destruction of Phylloxera in Europe since the introduction of resistant 
American stocks. 

Kriosoma lanigerum, Hsin. (Woolly Apple Apliis). 

Stedman (1896) testetl carbon disulphide injections to control this pest. 1-3 11. oz. 
(35-92 gm.) ])cr tree in one to three injections close to the lr(;e resulted in its death 
or severe injury. Leach (1920) also found it difticult to avoid injury to the roots 
i‘xcept with V(;ry careful spacing of the injections, and even with four injections, 
each of J (1. oz. (92 gm./tree), 6-8 ins. (15-20 cm.) deep, some Aphids near the surface 
always survived. 


LEPIDOPTERA. 

Aegeriidae. 

Woodworth (1902) suggested I oz. (35 gm.) of carbon ilisuli)hide per tree poured 
around the base of peach' trees for tlie (control of the borer, Aegeria exitiom, Say, 
but stated that in light soils the gas was dissijiated too (piickly to be effective, and 
iti heavy soils it might persist so long that it would injure the tree. Becker (1918) 
ap|)lied 1*3 oz. (50 gm.) per tree in a furrow 4 to 6 ins. (10 to 15 cm.) from the base 
of the tree, and the following day found 38 dead borers and 8 Uve ones (all but one of 
which were in the trunk) in 19 trees examined. A year later, however, half the 
treated trees were dead, and othens were unhealthy and again infested with borers. 

(>>ssidae. 

dean (1922) controlled larvae of Hypopta emstram, Hb., attacking asparagus in 
France by dibbling in carbon disulphide at 20-30 gm./sq. m. 

Noctuidae. 

Hawley (1918) carried out a large number of experiments on the control of the 
ho}j borer {Hydroecia iniminis, Gn.) with carbon disulphide, but failed to secure 
satisfactory and conclusive results with one or two injections 6 ins. (15 cm.) dee}) 
with doses up to 16 cc. (19 gm.) per plant. 

COLBOPTERA. 

Carabidae. 

Karumidze and Novitzkaya (1936) obtained complete mortality of 
fenehrioides, Goezo, attacking cereals with the application of 2’^^3*5 oz. of 
carbon disulphide/10 sq. ft. (100-126 gm./sq. m.) in holes 10 ins. (26 cm.) apart and 
8-12 ins. (20-30 cm.) deep. 



Scarabaeidae. 


White Grubs : Lachnosterna sp. 

Vermorel (1905) recommended 30 gm./sq. m. applied to the soil between November 
and March .to control white grubs. Headlee (1916), however, found f oz./sq. ft. 
(292 gm./sq, m.) necessary, and Komp (1920) 1 oz./sq. ft, (388 gm./sq. m.). 

Various Chafer Grubs : Mehlontha sp., Phyllopertfm and Am 2 )hhmllus, etc. 

Pospiclov (1913) and Zvierezomb-Zubkovsky (1914) recommended 35-40g m./ 
5.1 sq. ft. (70-80 gm./sq. m.) ; Chigarev (1932) obtained 91 kill with 60 gm. injec- 
tions 20 ins. (50 cm.) apart (240 gm./sq. m.); Faes and Staehelin (1923) found 150- 
200 gm./sq. m. effective in fallow ground for larvae more than 15 cm. deep ; the 
maximum dose tolerated by plants (80 gm./sq. m.) did not control the grubs. In 
an anonymous communication (Forestry Commission, 1927), 7 12 injections per 
square yard each of 5 gm. (42 71 gm./sq. m.) were suggested. Krasnyanskii 
(1937) obtained complete mortality with 20 gm. injections, 20 ins. (50 cm.) apart 
(80 gm./sq. m.) ; Regnier (1939) found 70 gm./sq. m., placed in five holes 10 cm. deep, 
necessary to kill larvae of Amphimallus majalis, Raz. I'o make the disulphide 
easier to handle ho advised adding 20% of carbon tetrachloride. Kobelin (1927) 
I’ccommended the application of 40 cc. per hole between vine stocks in the spring 
to control chafer larvae attacking vines. Printz (1932) obtained a complete kill of 
Polyj)hylla olivieri, Lap., attacking vines with 3*6 oz./sq. yd. (120 gm./sq. m.) applied 
in October. Hcngl (1935), using carbon disulphide at 300 gm./sq. ra., prevented 
Mclolontiiid attack on vines without harming them. In strawberry beds 400 gm./ 
sq. m. was successful though e.vpensive. Ripper (1935) advised 5 cc. (6 gm.) per 
])lant in May and 9 cc. (11 gm.) per plant in June applied to sugar-beet immediately 
the plant showed signs of injury by chafer larvae. 

North American Grass Grubs : Popillia japonica, Newm., 

Anomala orientalis, Waterh., Aserica castanea, Arr. 

The oflicial instructions of the U.S. Department of Agriculture (1929, l939/>) 
for the control of these grubs in plant beds are 21 cc. injections in holes 12 ins. 
(30 cm.) apart and 12 ins. (2-5 5 cm.) deep (290 gm./sq. m.). The soil tem])era- 
ture must be over 45"' F. (7'^ 0.) at a depth of 6 ins. (15 cm.). The same recom- 
mendations are made by Hamilton (1940), who also suggested ap[)lying the fumigant 
in furrows 10 ins. (25 cm.) apart, and Fleming and Raker (1930), who also specify 
1 lb. per cu. yd. (600 gm./cu. m.) for fumigating potting soil in bulk. Each ! 8-ins. 
(45 cm.) layer should be treated separately and aiK)ther layer filled in on top and 
treated simiiarl\'. The fumigation should be done in a gas tight bo.x or tank which 
should not be opened for 48 hours. This same rate had pr<‘viously been recommended 
by Howard (1922). 


Sugar-cane Grubs. 

Jarvis (1929), in a review of Australian methods of controlling cane grubs {Demio- 
l<pida albohirtum, Waterli.), stated that 77 Ib./ac. (9 gm./sq. m.) applied in holes about 
3 ins. (7-5 cm.) deep resulted in kills of 70-95%. Previously (1923, 1927 a ) he 
had recommended this application in J-oz. (18 gm.) doses 15 ins. (38 cm.) apart, 
and 6 ins. (15 cm.) from the centre of the stool and on both sides. In 1932 he recorded 
a kill of 86% from one district and claimed that failures of the treatment that had 
been reported must be due to faulty application. Mungomery (1931) obtained 
71% kills of grubs of Psevdholophylla furfuracea, Burm., with injections of 4*8 cc. 
(6 gm.) on either side of the stool. This caused a slight wilting of the plant, but it 
soon recovered, Swezey (1913), in Hawaii, recorded 95-99% kills of Anomah 
orientalis, Waterh., with 10 and 20 cc. injections every 10 ins. (25 cm.) of cane row. 
This was equivalent to 75 -150 U.S. gals./ac, (109 -218 gm./sq. m.). On the other 
hand Cotton (1918) in Porto Rico reported injury to canes at rates of insecticidal 
value. 
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Odontria zmhrdica, White (New Zealand Grass Grub). 

Green (1913) found | oz. (7 cc.) injections every 3 ft. (8 gm./sq. m.) sufficient 
t o control the grub in lawns and gardens. Cottier (1932) recommended 16 and 21 co. 
injections in holes 12 ins. (30 cm.) apart (200 290 gm./sq. m.). The grass was 
killed by this treatment within an inch or so of the hole. . 


Various Searabaeid Larvae. 

Leefmans (1915) obtained complete mortality of Cassava grubs {Leucopholis 
rorida, F., and Lepidiota stigma, F.) with 40 and .50 cc. (50 and 63 gm.) per plant 
applied in holes 20 cm. deep. Otanes (1924) advised 1-4 cc. (1-5 gm.) of carbon 
disulphide in holes 3-4 ins. (7*5-10 cm.) deep, and 15 -20 cm. from the base of the 
plant for the control of root grubs {Lemiopholis irrorata, Chevr.) attacking seedlings 
in the Philippines. Nichol (1935) obtained 90% control of larvae of the fig beetle 
{Cotinia texana, Casey) in Arizona by applying half a teaspoonful of carbon disulphide 
to each larval tunnel. 


Flateridae. 

Comstock and Slingerland (1892) record an experiment in which they used 
5 cc. doses of carbon disulphide, but the area over which these were effective was 
not stated. Subklew (1938) lists many early workers who us('d it with success to 
control wireworrns. Umnov (1913) applied it in four holes in a box experiment 
at 30 gm./sq. m. and only obtained 33% kill of wireworrns after 24 hours. Marlatt 
(1929) obtained approximately 100% kill of wireworrns with doses of 1 fl. oz. in holes 
4 ins. (10 cm.) deep and 18 ins. (45 cm.) apart (175 gm./sq. m.). The best results 
were achieved when the soil was uniform and loose in te.xture, the moisture content 
loss than 10%, and the temperature above ffO'^ F. (10® C.). Later (1931), he reported 
that this treatment was effective to a depth of 18 ins. (45 cm.). A similar rate was 
recommended by Lane and Gibson (1932). 

McDougall (1934) obtained negative results in the control of the sugar-cane 
wireworm {Lacon variabilis, Cand.) with carbon disulphide applied near the sets 
about the time of attack at 350 Ib./ac. (39 gm./sq. m.). Vershinskaya (1932) 
obtained complete kills of wireworrns buried in cages 4 -20 ins. (10 50 cm.) deep with 
carbon disulphide applied in five holes per sq. m. at 250 300 gm./sq. m. After 
24 hours it was only effective below 8 ins. (20 cm.), and it ce^ased to be effective at 
all after five days. Morrill and Lacroix (1938) found J- 4 oz. (9-18 gm.) drilled 
into the soil near newly set out tobacco plants killed both the plants and the wire- 
worms {Pheletes ectypus, Say) which were attacking them. Wilson (1940) obtained 
complete mortality of wireworrns (probably Mehmtm communis, Gylh.) in plot 
('xperiments with an application of 1383 Ib./ac. (.155 gm./sq. m.) and afterwards 
covered with a tarpaulin for 48 hours. 


Ourculionidae. 

Grand! (1916) recommended 30 50 cc./sq. m. (39 65 gm./sq. m.) after the (Top 
had been remov^ to control larvae and pupae of Tychius quinquepunctatuSy L. 

Feytaud (1918) obtained good control of the vine weevil {Otiorrhynchua aulcatus, 
F.) with four injections, each of 5-7 gm./sq. m. (20-28 gm./sq. m.), but the treat 
ment was very expensive. Haupfleisch (1933) also destroyed these larvae at the 
roots of yew trees with 22- 25 cc./sq. m. (27-32 gm./sq. m.). F. F. Smith (1932), 
however, stated that carbon disulphide was useless to control this pest except at 
rates that killed cyclamens and primulas. 

French and Hammond (1926) found I oz. in each of five holes per apple tree 
(180 gm./tree) ineffective for the control of the apple borer, Leptopa hopei, Fhs. 
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Vasina (1927 h) recorded only four beetles emerging from 30 pupae of Ceuthor- 
rhynckm qmdridem, Panz., in soil treated with carbon disulphide soaked in five 
cotton- wool balls each placed 4 5 cm. from the cocoons in a laboratory experi- 
ment. Nevskii (1929) obtained only 15% kill of pupae and young adults, and less 
of larvae, of Hhynchites auratiis, Scop., Huhsp. ferganen sis, Nevsk., a pest of apricot 
trees, with applications- of 10| oz./sq. ft. (3,200 gm./sq. m.). Pussard and Nepveu 
(1939) successfully controlled the larvae and adults of Rhytidoderes 'plicatus, 01., 
attacking cauliflower roots in Southern France, with 300 gm./sq. m., making two 
injections per sq. m. 

Schwardt and Lincoln (1940) found 30 ce. injections 15 ins. (38 cm.) a|)art 
and 0 ins. (15 cm.) deep (400 gm./sq. m.) killed all larvae and adults of the alfalfa 
snout beetle [Otiorrhynchus ligusiiciy L.). Strong (1940) stated that carbon disul- 
phide at 11 cc./sq. ft. (150 gm./sq. m.) gave the most effective control of the white- 
fringed beetle {Pantmnorus leucoloma, Boh.) in plots of ground-nuts, provided j)lant 
injury was not objected to. All larvae were killed to a depth of 10 ins. (40 cm.). 
For disinfesting })otting soil from this insect and P. peregrinus, Buchanan, t he U.S. 
Department of Agriculture (1941) specifies the u.se of 2 lb. carbon disulphide ])er 
cu. yd. for 48 hours in a closed container (1,200 gm./cu. m.). 


Chrysomelidae. 

Scamniell (1915) found injections of J ff. oz. 12 ins. (30 cm.) apart and 4 ins. 
(10 cm.) deep (193 gm./sq. m.) ineffective for the control of the cranberry root- 
worm {Rhabdopifrm picipes, Oliv.). He attributed the failure to the wetness of th(‘ 
ground. Feytaud (1932) stated that 500-750 l./ha. (63-95 gm./sq. m.) injected 
into the soil 8 or 20 cm. deep (preferably the latter) gave very satisfactory i esults 
in the control of all stages of the Colorado beetle {Leptinotarsa decemlineata, Say). 

Cerambycidae. 

It was recommended (Anon. 1913) that 7-gm. doses should be injected 25 cm. 
from grape vines in winter to control grubs of Vesperus xatarti, Mills., attacking the 
stocks. Several repetitions of the treatment might be necessary. Satisfactory 
control of this insect (Anon. 1926) has been obtained in vineyards with injections of 
carbon disulphide at 200 kg./ha. (20 gm./sq. m.). 


MYRIOPODA. 

Scutigerelki imniacidata, Newj). (Classhouse Syinphylid). 

Riley (1929) found J-oz. injections 12 ins. (30 cm.) apart (385 gm./sq. in.) gave 
effective control of this pest. Better still was carbon disulphide va])our forced 
into the soil under jire.ssure. Filinger (1931 b) also reported successful results 
with injections 4 ins. (10 cm.) from the plant rows, and on both sides, at the rate 
of 4 Ib./lSO ft. of row (40 gm./m.). Michclbacher (1932) obtained complete mor- 
tality in small plots with injections at the rate of 145 and 290 U.S. gals./ae. (175 
and 350 gm./sq. m.). 


MI.SCELLANEOU.S. 

Bernes (1914) recommended carbon disuljihide at 10 gm. per hole at intervals 
of 50 cm. (40 gm./sq. m.) to control MelolorUka grubs and mole-crickets (Gryllids) 
in fallow soil. Rolet (1914), in a general paper on the use of carbon disulphide 
as a soil fumigant, advised 40 gm./sq. m. in compact soils and 30 gm./sq. m. in light 
soils. For special purposes, rates varying from 20 to 380 gm./sq. m. might be 
necessary. In an anonymous paper (Bogotil, 1916) 30 gm./sq. m. was recom- 
mended for the control of various soil pests, Oniscius, lulus, Margarodes, etc. 
Willaume (1931) advised 30-60 gm./sq. m. for soil with growing plants and 150-300 
gm./sq. m. for fallow soil. 
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Summary. 


The reconiiTK'iided lates of application var^- betvvec'n 20 and 400 gm./sq. ni. 
Quite a high proportion of suceesHful results have been iccoRled between 20 and 
40 gni./sq. m. for insects other than (coleopterous larvae. For these, rates in the 
region of 300 grn./sq. m. aj)pear to b(3 necessary, though some workers have obtained 
high kills with lesser amounts. 

(b) Carbon Diml.phida ajjplied as an AqaeoiLs Solution, hhnulsion or 
Susptnsion. 

The use of carbon disulphide in this form has been laigely developed in Ameri(*a. 
The object is to secure a bettor t)enetration and a more uniform distribution than 
is obtained with single-point injections of the neat substance. For small areas it 
can be watered on with a watering can, but for larger areas spraying apparatus is 
necessary, and the quantities of water required create a serious problem. Never- 
theless, carbon disulphide is probably more generally recommended and used in 
this form now than by injection. 

The earliest workers (Molz, 1911 ; Leach, 1918) used aqueous suspensions in which 
the carbon disul{)hid(‘ was agitated vigorously in order to ])revent it settling out. 
The first reference to tlie use of an emulsion appears to be by an anonymous author 
(Barbados, 1914), who suggested adding castor or eotton-se('(i oil and an alkali (U oz. 
sodium carbonate/gal.), as (‘inulsifying agc*nts. Later inq^rovements have been 
vei'y largely due to Fleming and his co-workers, and much of the following information 
is derived from the review of Fleming and Baker (1935). 

Carbon disulphith' can be easily emulsilied, and soap is one of’ the most useful 
agents. Emulsions mad{3 with commercial soaps, however, tend on long standing 
or ex))osure to low tef!q>eratui('s, to separate into three layers soap solution, 
emulsion and pure carbon disulphide, and it is impossible to reconstitute these by 
agitation. To ov(‘rcoine this difliculty, Li|)[) (1927) used a sodium oleate-rosin 
emulsifier which gave a more stable emulsion except at low temperatures. The 
foi mula was as follows : 50 gin. rosin, 50 C(;. oleic acid, 135 cc. 7% sodium hydroxide, 
and 450 cc. water, 'file rosin is pulverised and added gradually to the previously 
warmed alkali solution until dis.solved. 44ie oleic^ acid is then added and the mixture 
agitated. After cooling, three (larts of this mixture is added to seven parts of 
(carbon disulphide and again agitated. 3’his formula has jiroved very useful in the 
large-scale treatment of grasslands in America for the control of the Japanese beetle 
and similar pests. 

Miscible Carbon Disulphide. 

Miscible carbon disuljihides are stable under a wider range of environmental 
conditions than stock emulsions. They are prepared by adding a certain tpiantity 
of alcohol or phenol to keep soap in solution when mixed with carbon disulphide. 
Increasing the alcohol beyond a certain point tends to prevent proper dispersion of 
the chemical when the mixture is added to water. Fleming and Baker (1935) 
gave a number of diflerent formulae, of which no. 10 seemed to have the mo.st satis- 
factory properties for use in commercial nurseries. Their description, specification 
and method of preparation are given almost verbatim. 

It is a mobile, translucent liquid with a specific gravity of 1555 at 15'/4" C. 
It does not form a heavy foam when shaken, can be })ourcd easily, and measured 
accurately in small quantities. It remains homogeneous for at least several months 
under normal conditions, and it mixes easily with water in all proportions, forming 
a milky emulsion. 

Formula No. 10. 


Parts by volume 

Carbon disulphide . . • . . • • • • • 1 

Alcoholic soap solution . . . . • . . • 1 

the latter consisting of : 

Blown castor oil 832 gm. 

Potassium hydroxide . . . . . . . • 37 ,, 

Denatured alcohol . . • . . • • • 86 ,, 

Water 45 „ 
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The castor oil should have a specific gravity between 0*991 and 1*004 at 16° / 4°C ; 
an iodine number between 205 and 216 ; fatty acids between 63 and 63, and an 
acid value between 210 and 225. The alcohol should have been denatured according 
to formula .1 of the Bureau of Internal Revenue of the U.S. Treasury Department, 
and should contain 10% by volume of methanol and 0*5% benzene. It should be 
190 proof. The potash, should be at least 80% pure, containing only traces of 
sulphates, chlorides, nitrates and silicates, and should be soluble in alcohol. 

Preparation. In preparing the soap solution an excess of potassium hydroxide 
is dissolved in a mixture of seven parts by volume of alcohol and three parts of 
water. Aliquot samples of the solution are standardised against normal hydro- 
chloric acid and sufficient alcohol and water added to obtain a concentration of 
24*5-25 gm. potassium hydroxide in 100 ce. Then 10 parts of the alcoholic potash 
are mixed with 55 parts by volume of castor oil and heated in a closed kettle with 
constant agitation until the temperature of the mixture has been at 200° F. for 
two hours. When this is completed, it should have the following comjiosition by 
weight : - 


Non-volatile constituents : 

0/ 

/o 

Castor oil 

. . 83*2 

Potassium hydroxide 

3*7 

Volatile constituents : 


Alcohol 

8*6 

Water . . 

4*5 


When the soap has cooled, it is mixed with an equal volume of carbon disulphide 
and agitated until the mixture is homogeneous. 

Fleming and Baker also recorded evidence to show that certain emulsifying 
agents affected the degree of toxicity to Japanese beetle larvae. The rate of 
evaporation of carbon disulphide from emulsions also appeared to be influenced by 
the emulsifier and by the relative proportions of it and the disulphide. To what 
extent carbon disulphide applied in the form of an emulsion acts as a gas in the 
soil and to what extent as a contact insecticide does not appear to have been 
investigated. 

The Penetration of EmuUiotw into the. Soil. 

As would be expected, the soil exerts a certain “filtering” action on emulsions, 
resulting in a high concentration in the surface layer. Fleming and Baker (1935) 
are the only workers who have investigated this problem intensively, and they 
found that the depth of penetration depended very much on the type of soil. In 
highly absorptive soils, such as peat, the maximum penetrations of lethal quantities 
of carbon disulphide was 1-3 ins. In sandy soils there was comparatively little 
absorption of the carbon disulphide. In such soils a high proportion of fumigant 
could be recovered, whereas in clay soils, or soils containing much organic matter, 
a certain amount of fumigant appeared to become bound up and not available. 
If such soils were treated again, a much higher proportion of carbon disulphide 
could be recovered, suggesting that there was a saturation point. 

Under favourable conditions in the field, however, they obtained complete 
kills of Japanese beetle larvae at various depths, using the following amounts of 
liquid : 


Depth of 

U.S. 

Cone. ( S^ 


larvae {ins.). 

(jaU.Isq. ft. 

{mg.lL). 

gm.lsq. 

6 

1*8 

1400 

103 

6 

2*4 

1100 

108 

12 

30 

1226 

150 

18 

3*0 

1375 

169 


Lateral diffusion outside the zone wetted was negligible. The emulsion had little 
toxic effect when the soil temperature was below 40° F. (4° C.), and the inseotioidal 
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action was inversely proportional to the moisture content of the soil. Treatment 
ot clay soils when these were wet and impervious, or dry and cracked, was usually 
unsuccessful. 

The rate of penetration, which depended upon the factors mentioned, was a got)d 
measure of the probable effectiveness of the treatment, i. e., if under certain specified 
conditions the liquid took too short a time to disappear it would be drained away 
too quickly. On the other hand, if it took too long a time, penetration would not 
be adequate and some fumigant would be lost by evaporation from the surface. 


Experiments in Soil. 
Gryllidae. 


ORTHOPTEBA. 


W. A. 'ITiomas (1926) obtained 95% kill of the Porto-Rican mole.(!ri(‘ket [Saip- 
trriscns vicinus, Scud.) in golf courses with a 1/400 dilution of a 75% cioinincrcial 
carbon disulpliide emulsion sprinkled on at 2 tJ.8. qts./sq. ft. (50 gm./sq. m.). Rein- 
iV'station occurred after one month. 


ISOPTERA. 

McDaniel (1984) found 2^ U.S. gals./sq. ft. of a standard 50% emulsion diluted 
lo 0T2-0*18%, according to the temperature, eradicated termites in the soil 
(12 gm./sq. m.). 


THYSANOPTERA. 

Richardson and Nelson (1938) found a 1/750 emulsion ap[jli(*d to gladiolus 
conns the day after planting at the rate of 1 U.S. gal. per ilO corms was ineffective 
for the control of Taeniothrips (jlaclioli, Mlt. & Stnw. 

HEMIPTERA. 

( hcadidae. 

Wilson (1930) found a 1/<S dilution of a 70% stock (miulsion a[)plied at 3 U.S. 
|)ints/sq. ft. (1790 gm./sq. m.) gave good control of fourth-instar nymphs, but had 
no effect on lifth-instar nymphs of Tibicen davisi, Smith &, Grosbeck. 

Aphidao. 

licach (1918) was able to control woolly apple aphis {Eriosomu Idnigerum, Hsm.) 
under suitable soil conditions with a solution prepared by vigorously agitating 
.1 oz. carbon disulphide in 4 U.S. gals, water and ap|»lied at. } U.S. gals./ sq. ft. (37-5 gm. 
/sq.m.). It had no harmful effect on the trees, though at higher rates they were killed 
or their growth checked. Marcovitch (1934) found | U.S. pint of a stock emulsion dilutee I 
to 1/50, or 1| pints diluted to 1/200, applied to apple trees resulted in the disappear- 
ance of the Aphids. Both authors found the treatment too expensive for commercial 
use. Underhill and Cox 1940) obtained satisfactory control of this insect with 
carbon disulphide diluted to 1/1,600 and applied at l.U.S. gal./sq. ft. (33 gm./sq. m.) 
without injury to the apple tree. At higher rates the roots were scorched or the 
tree killed. 


LEPIDOPTBRA. 

Aegeriidae. 

Howard (1918 and 1919) stated that 95 to 100% kill of peach tree borers (Aegeria 
exitiosa, Say) was obtained with J to J oz. (4-9 gm.) carbon disulphide applied to 
peach trees in 1 U.S. gal. water. Headlee and Ilg (1926) were able to kill larvae 
of the raspberry crown borer {Pennisetia vmrginataj Harr.) with 2h fl. oz. of a 70% 
stock emulsion previously diluted with rather more than an equal quantity of water. 
Complete kills were also secured with smaller amounts, but the results were not 
consistent. Pupae were more resistant than the larvae. 
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Noctuidae. 

Cory (19286) obtained a high kill of pupae of the iris borer {Macrunoctm onusta, 
Orote) without injuring iris plants with 2-5 and 5 ec. of a 70% emulsion in 1 U.8. gal. 
applied at 1-8 U.S. gal./sq. ft. (87 gm./sq. m.). 

Crambidae. . 

Noble (1932) found a 0*05% emulsion applied at 1 U.S. gal./sq. yd. (3 gm./s(j. m.) 
was ineffective for the control of sod web-worms in lawns and golf greens. Stone 
and Elmore (1937) obtained a 50% kill of Crambus sp. in lawns with an emulsion 
of oz./lO IJ.S. gals, applied at 1 U.S. gal./sq. yd. (20 gm./sq. m.). 

COLEOPTEKA. 

Scarabaeidae. 

North American Grass Grubs : Popillui japonica, Ncwm., Anotmla orientalis, 
Waterh., Aserica aistama, Arr. 

Leach and 'fhomson (1921) found saturated .solutions and 3% emulsions of carbon 
disulphide gave poor control of Japane.se beetle larvae in artificial .soil balls, though 
the results obtained from dip[>ing the naked larvae in them had been promising, 
'fhey attributed the failure to the filtering action of the .soil. Leach and Johnson 
(1925), however, found half-.satu rated and .saturated .solutions of carbon disulphide 
watered on the roots of potted i)lants gave complete mortality of these grubs, 
'file plants were checked somewhat. 

For the adults, Fleming (1926) found solutions of 0'75 and 1*375 cc./l. watered 
on to the soil in pots gave complete mortality in periods varying from 6 to 30 hours. 
This concentration was fatal to Salvia and Nasturtium plants. For the control 
of the larvae in golf greens, Leach and 3 hornson (1923) recommended 500 cc. of a 
stock 70% emulsion diluted to 50 U.S. gals, and (wenly watered on at U.S. gal./ 
sq. ft. (50 gm./sq. m.). The same formula was recommended by Zappe and Garmaii 
(1925) for the control of larvae of Anotmla orimUilis, Waterh. 'Their rate of appli- 
cation was about 64 gm./sq. m. 'They also found 59 -139 cc./sq. m. of an unspecified 
emulsion was effectJve. Britton and Zajipe (1926), howewer, obtained unsatisfactory 
results with a presumably similar emulsion applied at the rate* of 69-139 cc./sq. m. 
Johnson (1927) reported 98% kill of Asiatic beetle larvae (d-se/jca castatim, Arr.) 
with the treatment of grassland on a large scale with an emulsion at a rate equivalent 
to about 67 gm. carbon disulphide/sq. m. 

Cory and Sanders (1929) and Friend (1929) for th(‘ control of P. ja^miicAi and 
A. orientalis, respectively, advised a 1/200 dilution of a 70% emulsion applied at 
3 U.>S. pints/sq. yd. (70 gm./sq. m.). Cory and Sanders specitied two applications, 
though even these might not be sufficient on very hard and heavy soils. The same 
rate was recommended by L. B. Smith (1929) in a general review on the control 
of P. japonica. He .stated that the emulsion was not effective below 3-4 ins. 
(7*5 10 cm.) and that the soil temperature must be above 40"^ F. (4'^ C.). 

Fleming and Baker (1930 and 1935) have described methods of localising the 
action of liquid soil insecticides by the use of galvanised iron collars sunk about 
3 ins. (7*5 cm.) into the .soil around infe.sted plants. 3'he U.S. quarantine authorities 
have recognised this method and (U.S. Dep. Agric. 1932) specify 45-68 cc. (accord- 
ing to the temperature) of a 50% emulsion diluted to 10 U.S. gals, and applied at 
the rate of 2J U.S. gals./sq. ft. (78-118 gm./.sq. m.). If the liquid takes less than 
10 minutes or more than five hours to disappear, the treatment cannot be considered 
successful. 

White grubs : Lachnostema sp. 

Tt wOvS stated in an anonymous paper (Porto Rico, 1924) that 90-100% kill 
was obtained with an emulsion as described by Leach and Thomson (1923) (see 
preceding section). It was applied at a slightly higher rate equivalent to 60 gm./ 
sq. m. Dozier (1926) obtained a 75% kill of L. portoricenaiSy Smyth, with 75 cc. 
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of an unspecified emulsion diluted to 7^ U.S. qts, and applied to 12^ sq. ft. (65 cc. 
emulsion/sq. m.). Garman (1036) found .J, 1 and 2% dilutions of a 67% emulsion 
were inetfectivc for the control of larvae of L. fusca, Froel., damaging seedling 
fruit trees. A eoconut.oil-soaj) emulsion of J oz. carbon disulphide/ gal. applied to 
infested sugar-cane stools at the rate of ^ gal. per plant (Ogjn. carbon (lisul])hide) 
was recommended anonymously (Mysore, 1037) to control L. serrafn, F., and other 
white grubs attacking sugar-cane and other plants. 8ee also Koni}) (1020). 

Various 8carabaeid Larvae. 

Lamborn (1914) successfully controlled a Lamellicorn beetle damaging plant 
roots in Nigeria with carbon disulphide diluted to 1/200. Downes (1028) obtained 
.^)0% kill of Ajihodim pardalis, Lee., damaging lawns in British Oohimbia with an 
emulsion of 3 oz. carbon disulphide in 3 gals, water. Fhe treatment caused con- 
siderable burning of the grass. 

Cottier (1932) found 0-14 pints of a 70% emulsion api)lied to one square yard 
in 31 pints of water (85 gm./sq. m.) gave economical control ol' the New Zealand 
grass grub [Odontria zealandica, White), but caused some burning of th(‘ turf, 'this 
injury was reduced by using a proprietary weed e.xtcrniinator as an emulsifying 
agent. Jewett (1937) obtained only 30% kill of Cotinis nitida, L.. larvae with 1-4 
if.S. qts .of carl)on disulphide diluted in 100 U.S. gals, of water and applied at 2 U.S. 
gals./sq. yd. (40 gm./sq. m.). 1 obacco jJants were also injured by the treatment. 

Elateridae. 

Britton and Anderson (1926) re])orted tliat carbon disulphide-soap emulsions 
at 1/720 failed to kill tobacco wireworms (Fhelcfc.s fclyim.s, Say), and at 1/360 killed 
tlie plants. Headlce (1931) found I oz. (29 cc.) of carbon disul])hide emulsified 
in 1 U.S. qt. of water and applied to maize hills through a galvanised iron cone 
gave high kills of wireworms. Stone and (^ampbell (1933) found carbon disulphide 
solutions and emulsions were only about ont'-thirrl as eftective for the control of 
Phdaies colifornicus, Mannh., as chlorpicrin {q.v.) applied in the same way. For 
the same species, Lacroix (1934) obtained inconclusive but ap))ar('ntly unsuccessful 
results with a 1/200 emulsion applied in furrows 3 ins. (7*5 cm.) deep at I U.S. (jt./2 ft. 
(10 gm./m,). Speyer ei al. (1940) found an ermd.sion ap})lied to tomatos at rates 
equivalent to 15 oz. carbon disulphide/sq. yd. (650 gm./sq. m.) killed wireworms 
(probably Agriotes sp.), but was injurious to young plants. Gough (1942) found 
2-4% emulsions applied at the rate of 2 gals./sq. yd. (287-574 gm./sq. m.) gav(‘ 
high kills of Agrioks sp. in pot ex])eriments. 

Curculionidae. 

Whitcomb (1929) recorded 90 and 99-5% kills of larvae and pupae of the plum 
curculio {Conotrachdus nenuphar, Hbst.) in the soil with 2 and 3 U.S. pints/sq. ft. 
respectively (50 and 75 cc. emulsion/sq. m.) of a .1% dilution of a carbon disulphide 
emulsion. ‘ McDaniel (1932) found the formula recommended by the U.S. Dejuirt- 
ment of Agriculture (see under “American Grass(Jrubs ”) at 78- 1 18 gm./sq. rn, effective 
for the control of the strawberry root weevil {Otiorrhyrwhus ovatw, L.) attacking 
conifer seedlings. The application should be made after the seedlings have been 
removed. F. F. Smith (1932), however, obtained inconsistent results with such 
emulsions in the control of larvae of the black vine weevil {0. sulcaius, F.), and 
no control at concentrations tolerated by the host plants. Lovell (1932) also reported 
unsuccessful results in the control of larvae and pupae of the vegetable weevil {Lis- 
trode.res ohliquus, Gylh.) at concentrations up to 60 cc. of a 50% stock emulsion/U.S. 
gal. Hoerner (1936) obtained 70-100% kill of larvah of the western rose curculio 
{Rhijnehites bicolor wickhaw,i,Ck\].) with applications to the soil of an emulsion con- 
taining 0-35% carbon disulphide at 1 U.S. qt./sq. ft. (50 gm./sq. m.). Rose bushes 
were not damaged. Jlnglish and Graham (1938) obtained 73-97% kills of larvae 
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of the white-fringed beetle {Pantomorus leucoloma, Boh.) with 5 U.S. gals, of an 
emulsion containing 3-3-5*7 cc. carbon disulphide per gal. applied to the soil in iron 
hoops 18 ins. (45 cm.) in diameter for 24 to 72 hours exposure (130-225 gm./sq. m.). 
Broudy (1935) recorded a high kill of grubs of Fuller’s rose beetle {P. godmani, 
Crotch) attacking roses in a greenhouse with a carbon disulphide emulsion sprayed 
on to the soil. 

Chrysoraelidae. 

Feytaud (1932) stated that carbon disulphide emulsions applied to the soil 
at the rate of 100 gm./sq. m. were usele.ss for the control of Colorado beetle (Leptino- 
tarsa decemlineata, Say). 


DIPTBRA. 

Trypetidae. 

Rhagoktis cerasi, L. (Cherry b>uit-fly). 

Wiesmann (1933, 1934) Found 5 1. of IJ and 3% emulsions/sq. m. (75 and 150 ce. 
em./sq. m.) wore ineffective for the control of larvae in the soil. Thieni (1934) also 
found 50 cc. of a 16 % emulsion applied to cages ^ sq. in. in area (70 gm./sq. m.) 
ineffective. 

Buckhurst (1937) reported promising results in the destruction of overwintering 
pupae of the asparagus Hy (Plufgparea popciloptera, Schr.) with carbon disulphide 
emulsions. 


HYMENOPTERA. 

Andrenidae. 

Sanders (1928) obtained almost complete control of a solitary bee (Andrena 
perplexa, Smith) burrowing in lawns with I U.S. pint/sq. ft. of a 70% stock emulsion 
diluted to 1/200 (23 gm./sq. m.). Walker and Anderson (1937) found and 1% 
dilutions of a 66*7% emulsion had no effect on the pavement ant {Tetramoriuni 
emspitntn, li.) attac'king egg-plants. The higher rate injured the plants. 

MYRIOPODA. 

Scutigerella immucuhta, Newp. (Gla.sshouse Symphylid). 

h’ilinger (1931 />) found surface applications of emulsions of 1, 2 and 3 U.S. 
(jt^., 50 U.S. gals, water were useless. Michelbacher (1932) only obtained an average 
kill of 26% (the individual results being somewhat inconsistent) with a 65% stock 
emulsion diluted to 1/300 and applied at 5 U.S. gals./sq. yd. (63 gm./sq. m.). 
Brimetau (1935) also obtained inconclusive results at a much lower rate (18gn../sq. m.). 
Merrick (1927) reported that a 1% miscible solution of carbon disulphide used for 
drenching earth just brought in for greenhouse soils appeared to cause a 100% 
reduction of the centipedes. 

Lack of penetration into the subsoil, where the Symphylids are frequently to be 
found, may have accounted for the ineffectiveness of emulsions, and Miles and 
(lohen (1935) obtained good control by the application of 1 gal./sq. yd. of a 1/60 
emulsion to the subsoil (117 gm./sq. ra.) and a surface application at 2 gals./sq. yd. 
of a l/lOO emulsion (140 gm./sq. m.) before planting toraatos. If the soil could 
not be treated before planting, three applications of a 1/120 emulsion at weekly 
intervals at the rate of J pt. per plant were advised. 

Summary. 

Emulsions watered on to the soil so that 50-100 gm./sq. ra. of carbon disulphide 
is applied appear to have given good results in the control of most soil pests, and 
they thus appear to be rather more economical in material than injections of the 
pure substance. 
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The Addition of other Substances to Carbon Disulphide Emulsions. 

Naphthalene (seep. hi). 

y) -dichlorbenzene (see pp. 47 48). 

Pyrethrum (seep. 128). 

Miles and Cohen (1939) tested the following substances in carbon disulphide 
emulsions as possible soil insecticides for the control of wire worms {Agriotes sp.), 
all without success : dimethylaniline, diphenylarnine, quinoline. 

Chlorpicrin (CCl NOj). 

Liquid. S.G. 1*692 at 0° C. 

Chlorpicrin came into use as an insect fumigant after the 1914 4918 war. It 
has also proved successful as a soil insc'cticidc. but is inconvenient to handle, 
and for that reason has not become popular. 

Higgins et al. (1939) have described a method for ilie (hdcrminatioii of small 
quantities of chlorpicrin in fumigated soil. 

Effect on Vegetation and Micro-organisms. 

According to Marumo (1930), Lacroix (1934) and Emel’yanova (1938) it is toxic 
to plant life. On the other hand, Savchenko and Pal’chik (1935) and Schwardt 
and Lincoln (1940) only record slight injuries to plants. Stark et al. (1939) stated 
that low doses had little effect on nitrate formation in the soil, but as the dosage 
was increased, nitrification was inhibited. In no case, however, was ammonification 
inhibited. 

Application. 

Chlorpicrin can be used either in a more or less pure form, in water as an ( inul- 
sion, or absorbed in solids. In view of its toxicity to man, special precautions must 
be taken in its application, and it may be necessary for the operators to wear 
respirators. 

Hasson (1920) describes its application by a special apparatus comprising a con- 
tainer and an air pump worked off the wheels of the plough on which the apparatus 
was mounted. The liquid was sprayed at the rate of 1 litre? per minute into the 
preceding furrow and the sod of the next furrow turned over it. The amount applied 
per acre in this way was not stated, but all soil pests, including wireworms, were 
killed. 

Gaumont (1927) made experiments in which the chlorpicrin was poured into a 
system of pipes 35^0 cm. deep, and its toxic vapour carried into the soil by means 
of a compressed air apparatus. The piping consisted of two planks nailed in a V 
and covered by wire netting. 80 cc. chlorpicrin in a drain 6 m. long killed cockchafer 
{Melolontha sp.) larvae placed directly above it, but not those in lines 30 cm. to each 
side. Another effective means of application cited by liim was the absorption of the 
liquid in peat blocks each coixtaining 10 cc. of chlorpicrin and enclosed in parchment. 

Experiments in Air. 

Tattersfield and Roberts (1920) : highly toxic (2). 

Lehman (1933) recorded the median lethal dose to the wireworm [Phektes cali- 
fornicus, Mannh.) as 0*69 mg./l. for a five-hour exposure and 45*9 times as toxic as 
carbon disulphide. 

Thalenhorst (1937) recorded the minimum lethal dose to third-instar larvae 
of the cockchafer [Melolontha hippocastani, L.) as 6 mg./l. for a 24-hour exposure 
and 52*4 times as toxic as carbon disulphide. 
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Experiments in Soil. 

{a) Applied pure or absorbed in Solids. 

TIEMIPTBRA. 

Aphidae. 

Emoryii'iiova (1938) stated that 1-2 oz./sq. yd. (40 f];ra./sq. m.) gave complete 
control of the root aphis {Xerophilaphis scorzomrm, Mordv.) in a plantation of 
Swrzonera tau-saghyz, a rubber- producing plant in the Ukraine. The jdants were, 
however, seriously injured. 

OOLEOPTERA. 

Scarabaeidae. 

Wolters (1934) recorded 52 and 08% kills of Oriental beetle larvae {Annmala 
orimtalis, Watiu-h.) with ehlorpicrin a))plied at the rate of 200 Ib./ac. (22 gm./sq. m.). 
In a friable soil, a kill of 95% was obtained. Hamilton (1940) also obtained a satis- 
factory kill of these grubs in fallow soil at 2 cc./sq. ft. (30 gm./sq. m.) injected 
4-5 ins. (10-12 cm.) below the surface. Sawa (1930) found clrlorpicrin about 
fifteen times as rdTective as cariron disuljihide to finst-instar larvae of Anomala 
rnfocuprea, Motsch., and about five times as elFective to third-instar larvae. 

Elateridae. 

McDougall (1934) found ehlorpicrin unsatisfactory for the control of Ijicon 
variabilis, Cand., in Queensland sugar-cane Oelds. Savchenko and Pal’chik (1935) 
obtained a complete kill of wire worms {fAtnoniKs (uruyimsus, 01., and Coryinhites 
hitm, F.) with chlorjjicrin applied at 00 gm./sq. rn. in holes 4-10 ins. (10-25 cm.) 
deep at the corners of small [dots. Most of the w.'cds were also killed, hut the plants 
recovered and produced a normal yield. Ladell (1938) used a solid preparation 
containing ehlorpicrin in the* form of [)ell(‘ts at 245 Ib./ac. (27 gm./sq. m.), which 
gave a 33% kill of wireworrns {Aqrlotcs s|).) in a. field experiment. A similar experi- 
ment with the poison absorbed on Kir^selguhr, gave a 45% kill wIkmi applied at 
224 lb./a(j. (25 gm./‘'^q- m.). 

Wilson (1940) applied chlorjucrin dissolved in 90% alcohol to seed-beds at 
000 Ib./ac. (07 gm./s(j. rn.) applied in holes 3 ins. (7-5 cm.) deep and 0 ins. (15 cm.) 
apart. The beds were covered with a heavy ta.r[)aulin for 48 hours aft('r treatment., 
and wireworrns {Melanofus rommutm, Hylh.) previously buried in cages in the soil 
were all killed. 

Curculionidae. 

French and Hammond (1920) reported that 0 oz. (100 gm.) applied in a hole 
near an infested tree was not effective in controlling the apple root borer {Laptops 
hopei, Fhs.). Korab et al. (1030) obtained complete mortality of the beet weevil 
{Chonus puMiwentri^ in beet Helds by injecting ehlorpicrin at 14 ins. (35 cm.) 

intervals at 900 and 450 Ib./ac. (100 and 50 gm./sq. m.) in six and 14 days respec- 
tively. The treatment was less effective in moist soil. According to Pussard 
and Nepveu (1939), ehlorpicrin at 20 cc. (33 gm.)/sq. m. was ineffective in controlling 
the weevil {lihytidodere.s pHcatus, 01.), which was attacking the roots of cauliflowers 
in France. Schwardt and Lincoln (1940) injected ehlorpicrin into the soil in lucerne 
plots to control adults and larvae* of the alfalfa snout beetle {Otiorrhynchus ligmtici, 
L.). 400 Ib./ac. (45 gm./sq. m.) applied in holes 15 ins. (38 cm.) apart and 6 ins. 
(15 cm.) deep at 3 cc./hole killed 88-5% of the larvae after six days. In a similar 
experiment only 31-5% of the larvixe were killed, though all the adults were. No 
injury was caused to the lucerne. 

Chrysomelidae. 

Feytaud (1932) stated that soil injection at the rate of 750-1000 l./ha. 
(127-169 gm./sq. rn.) caused a high mortality of the Colorado beetle {Leptinotarsa 
decemlimata, Say). 
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MYRIOPODA. 

Michelbacher (1!)32) a])plic(l chlorpicrin to small plots at tho rato of 280 Ib./ac. 
(31 gm./sq. m.) and obtained a 04% kill of the glasshouse ISym[)hyli«l {SctdigereUu 
immcicMlaUit Newp.). 

{b) Applied as an Emulsion. 


COLEOPTERA. 

Scarabaeidae. 

Arnaud (1924) emulsified chlorpicrin with soap in water made alkaline with 
sodium bicarbonate (NaHCOa). An emulsion of 1/200 applied at 10 l./s(j. m. 
(85 gm./sq. rn.) was effective against Melolonthid larvae attacking vines, provided 
the larvae were near the surface. Marumo (1930), using a soaj) emulsion of chlor- 
picrin at a dilution of about 1/200 at 18 l./sq. m. (lo gm./sq. m.), killed white grubs 
in turf but injured the grass. 

Elateridae. 

Stone and Campbell (1933) in South California obtained high kills of wiroworms 
{Pheletes cxilifornicus, Mannh.) in pot experiments with a \'1\% soap emulsion of 
chlorpicrin at about 40 gm./sq. m. They found (chlorpicrin aj)plied as an emulsion 
much more effective than in .solution. In a ludd experiment 332 and 002 (.‘C, in 
100 and 200 IJ.S. gals, water, respectively, applied to 150 sq. ni. (40 gm./sq. m.) 
killed all wireworms to a depth of 4 ins. (10 cm.). The chlor|)icr in emulsion was 
applied to the water in the furrow irrigating the land. Lacroix (1934) poured an 
emulsion made with fish-oil .soa]) into furrows 3 ins. (7-5 cm.) deei) at the rate of 
12-100 cc. emulsion to 5 1. water and obtained 100% kill of the wireworrn {PheleUs 
ectypm, Say) down to a depth of 12 ins. (30 cm.) exce|)t at the weakest dilutio’d. 
Wilson (1940) reported a complete mortality of the wireworrn {Melanofus communis, 
Gylh.) in Florida with a soap emulsion of chhwpiorin at the rate of 300 Ib./ac. 
(34 gm./sq. ra.). 


Summary. 

The range of application thus varies between about 20 and 100 gm./sq. m. 
Rates of about 50 gm./sq. rn. have frequently resulted in high kills of various 
insects. 

Coal Tar Oils and Distillates. 

Coal tar products have been extensively used as insecticides and disinfectants 
for various purposes. They are usually classified accjording to the temperature 
at which they distil, and as the point selected is more or less arbitrary and the quahty 
of the products depends on the type of coal, they are liable to be very variable in 
their constituents. 

They have been grouped here under the following headings, to which they have 
been referred by the original author. The pure substances which form the most 
important constituent of each fraction are also included. The definitions of the 
four main fractions as given by the Joint Fuel Committee S.T.P.T.C. (1938) are as 
follows : 

Carbolic Aoiu : A mixture of monohydric phenols of substantial phenol content. 
Cresylic Acid ; A mixture of monohydric phenols, consisting essentially of cresols 
and/or xylenols with or without a percentage of phenol. 
Creosote Oil : The oil or a blend of oils obtained from coal tar and distilUng above 
about 200° C. 

Anthracene Oil : A heavy oil having a sp. gr. S 15-6° C./ 16-5° C., above about 
1*080, usually distifled from horizontal retort tar or coke oven tar. 

D 
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Phenol (CgHgOH) and Carbolic Acid. 

Crystalline. 

Phenol, one of the most important of the antiseptics, has been widely 
used as a soil sterilising agent. Except for laboratory experiments it is usually 
used in the crude liquid form of carbolic acid. 

Experiments in Air. 

Tattersfield and Roberts (1920) : highly toxic (10*6). Melandor (1924), using an 
apparatus in which air, saturated with various chemicals, was passed tlirough a 
cylinder of soil and then into an insect chamber containing bean weevils {Bruchus 
sp.), found phenol was not volatile enough to saturate the soil quickly, so that the 
weevils were not killed for several hours. 

Fleming (1925) ; minimum lethal dose in air 4 mg./l. ; in water 592 mg. /I. 

Experiments in Soil, 

ORTHOPTERA. 

Gryllidae. 

Doucette and Smith (1926) obtained a complete kill of the Surinam cockroach 
[Pycnoscelus surinamensis, L.) in pot experiments by watering 400 gm. soil with 
a solution of I gm. phenol in 100 cc. Phenol was, however, unsatisfactory in ])lant 
beds as it injured the plants. 


HEMIPTERA. 

Aphidae. 

Del Guercio (1917) obtained good results in the control of root Aphids by the 
addition of either alkaline earth or alkaline polysulphides to phenol in equal part-s 
and using a dilution of 2-6%. 


LEPIDOPTERA. 

Noctuidae. 

Hawley (1918) found 1 U.S. pint of carbolic acid emulsion caused some reduction 
in the number of hop borers {Hydroecia immanis, Gn.), but not sufficient to be effective. 
Another emulsion diluted to about 10%, used to drench the hills, gave no reduction 
at all. 


COLEOPTERA. 

Scarabaeidae. 

D’Emmerez de Charraoy (1912) found a petroleum emulsion containing 1% 
carb<jlic acid used at 10 litres per stump was satisfactory in disinfesting sugar-cane 
ratoons from grubs of Lachnosteriui smithi, Arr. 

Fleming (1926) found phenol solution at I and 2 gm./l. was only partially 
effective as a soil dip for potted plants infested with Japanese beetles [Popillia 
japonica, Newm.). 

Elateridae. 

Zappe (1922) found a carbolic acid emulsion ineffective for the control of wire- 
worms attacking tobacco plants. Gough (1942) obtained 95-100% kill of wireworms 
(Agriotes sp.) in pot experiments with phenol applied as a solid and in solution at 
rates equivalent to 10 cwt./ac. (126 gm./sq. m.). * 

Curculionidae. 

Theobald (1904) found an emulsion made by adding 1 pint of crude carbolic 
acid to 1 gal. of water containing soft soap, and diluted to 1/30, was most successful 
in destroying vine weevil grubs {Otiorrhynxhvs sulmtus, F.) attacking pot plants. 
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F. F. Smith (1932), however, was unable to kill any of the third- and fourth-instar 
larvae with carbolic acid emulsions of various concentrations, and, moreover, primulas 
and cyclamens thus treated were severely injured. 

Byturidae. 

Korolkov (1913) stated that larvae and pupae of the raspberry Ijeetle [Byturus 
tomentosns, F.) in the soil were partially destroyed by watering with about 3 l./bush 
of a 2% emulsion. 


DTPTBRA. 

Anthomyiidae. 

K. M. Smith and Wadsworth (1921) applied a soap emulsion containing I pint 
of carbolic acid to 1 gal. water, and diluted 1/35, to onion plots and recorded 54 'X, 
of the plants not attacked by the onion lly [Hyl myia aniiqua, Mg.). 

(^abbage Root Maggot {Hylemyia hrassicae, Rch.). 

Slingerland (1894) obtained some success in the control of maggots previously 
placed on well established cabbages with a soa|) emulsion consisting of 1 U.S. pint, 
of crude carbolic acid to 22 U.S. gals, of water (1/176). Most of the maggots were 
killed, but several puparia survived. Smith and Dickerson (1907) found 4-0 H. 
oz. per plant of an emulsion consisting of 1 U.S. pint crude carbolic acid to a gallon 
of soapy water, and diluted 1/30, very effective against young maggots. MacUougall 
(1913) recommended a similar emulsion, diluted to 1/40, applied to the plarits before 
the maggots entered them. Britton and Lowry (1916) also used a 1/30 dilution of 
a crude carbolic acid emulsion applied to cabbage at 3 fl. oz. per ])lant which reduced 
the infestation to 6%, compared with 23% in the untreated plants. Krasnyuk 
(1931), however, found carbolic acid emulsion was useless as a control measure 
for this insect. 

Tryp 'tidae. 

Wiesmann (1934) obtained negative results in the rlestruction of pupae of the 
cherry ffuit-fly {Ithfigohiis cerasi, L.) with 5 l./sq. m. of a 3% emulsion (150 cc. 
emuision/sq. m.). 

ISOPODA. 

Speyer and Owen (1924) found a 1/265 solution of phenol applied to soil was 
effective in a 24-hour exi)Osure in killing cucumber house woodlice {Armadillidium 
■‘^peyeri, Jackson) intro<luced uj) to 52 days alter treatment. 1/1000 and 1/.500 
solutions were effective up to two and nine days respectively. 

Summary. 

Phenol or carbolic acid has principally been used in solution, and dilutions of 
.f-3% appear to have been frequently used with success. Few critical experiments 
have been done in recent years. 

Cresol (CHgCeH^OH) and Cresylic Acid (including Creolin, Cresolin and Lysol). 

Liquid. S.G. ortho- 1051 ; raeta- and para- 1*039 at 15° C, 

Cresol or hydroxy-toluene is, like phenol, usually used in its crude form, known 
as cresylic acid, which also contains a considerable proportion of phenol. To facilitate 
its dispersal in water the crude cresols are sometimes dissolved in 

1. Alkalis— when the resulting liquid is known as creolin ; 

2. Resin soaps — ,, „ >, cresolin ; 

3. Olive soaps — „ „ lysol. 

P 2 
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Cresylio acid emulsions are widely used as soil sterilisers for glasshouse soils, 
especially in the ‘‘ partial sterilisation process ” (Russell (1920)). There are three 
isomers of cresol — ortho-, meta- and para-. 

Application. 

Miles (1929) and Bewley (1935) advise the api)lication of a mixture of 1 gal. 
eresylic acid (97-99% ]mre) and 39 gals, water to 9 -12 sq. yd. (000-450 gm./!;fq. m.) 
of glasshouse soil. The diluted acid is distrihuted over tlu; surface so that the 
to}) inch or so of surface is well soake<l. The soil is then dug in to a depth of about 
a foot and skimmed so that the saturated layer is placed at the bottom of the trench 
and its vapour slowly permeates the soil ])laccd on top. 

Expcrimmln in Air. 

Tattersfield and Roberts (1920) : highly toxic (9). Kleming (1925) : minimum 
lethal dose in air 8 mg. /I. ; in water 592 mg./l. 

Experinmitfi in Eoil. 

HEMTPTERA. 

Aphidac. 

Riibsaamen (1914) used 2 1. per vine of a 10-15% cresol emulsion to disinfest 
areas from the vine Phylloxera {Phylloxera raskitrix, Planch.). Girardi (1916) 
recommervded a, surface spray of 1% cresol or lyso! to kill root Aphids. 

COLEOPTERA. 

Scarabaeidae. 

D’Rmrncrez do Charmoy (1912) treated sugar-cane ratoons with a petroleum 
emulsion containing 1% of cresolin at 10 l./sturnp with satisfactory results in the 
conti'ol of sugar-cniie grubs {Lachioderna mithi, Arr.). Jarvis (1916) obtained a 
100% kill of cane grubs {Derniokindti albohirtmn, Waterh.) with 1 pint creolin/ 
50 gals, of wat(>r (1/400). Fleming (1926) found ortho-ere.sol at 1 and 2 gm./l. was 
not (uitirely relial)l(! as a soil dij) for pottr'd plants infested with Japanese beetles 
{Popillia japonica, Newm.). 

Elateridae. 

Russell (1920) stated that eresylic acid as used in the partial sterilisation process 
at the rate of 280-560 gals, or 49 cwt./ac. (617 gm./sq. m.) was ineffective against 
Avi re worms. 

Giiry.somelidae. 

Feytaud (1932) found a 10% solution of eresylic acid at I l./sq. m. (100 cc./sq. m.) 
was iiielfective for tin; control of adults and larvae of the Colorado beetle {Leptinofarm 
decemlineata. Say). 


Byturidae. 

Korolkov (1913) obtained good re.sulta in the control of larvae and pupae of 
the ra.spb(Try bc'etle {Byfurus tonmitosm, F.) with a 2% solution of creolin applied 
to till' bushes in suflicient quantities to pemdrate 4-7 ins. (10-1 7-5 cm.). 

DIPTERA. 

Psilidac. 

K. M. Smith and Wadsworth (1921) found four applications of a heavy eresylic 
acid alrsorbed in sand (l/lOO) resulted in 70% of carrots not attacked by the carrot 
liy [Psila rosae, F.), compared Avith only 20% in the controls. Carrots treated 
similarly with a light cre.sylic acid were a total failure. K. M. Smith (1925) also 
te.sted ortho-, meta- and para-cresol carbonates, but found them all ineffective, 
though the conditions, however, were unfavourable. 



Antliomyiidae. 

Brittain (1922) found 0-5 1% cresylic add (98^*;, |iuri*) emulsion gav(“ little better 
results than the cheeks for the control of the eabbaj^e root mng^f)t {Ihjloni/ia bras- 
sicm, Bell.). The following year (1928), howevei-, he stated that it (80% cresol) was 
promising. 

K. M. Smith (1925) obtained some*, though not an elfectivc, reduction in the 
number of cabbages attac^ked by root maggot {Ilffh nufia hrassinu , Bdi.) with ('itho- 
cresol mixed with chalk (1/100). lie also recorded a r(‘duetion in the number oi 
onion plants treated with this mixture attacked by the onion fly (//. anliqtia. Mg.). 
Ortho-, meta- and para-cresol carbonate (5 and lO'k, mi.\(‘d with chalk) resulted 
in 19, 19 and 18% of treated jilants attacked by this itise( t compared with 88, 81 
and 23% attacked in the controls. Previously (1928) lu> had Ixmmi abk' to increase 
the yield of onions with a])plications of dust s consisting of light eresylic acid absorbed 
in chalk. 

Trypetidac. 

Wiesmann (1984) obtained 98% mortality of cluM ry fly j>upae {Rhaqolftis cerasi, L.) 
with a 3% solution of eresylic acid at 5 l./sip m. (150 ee. eresylic acid/s(j. m.). 

llYMKNOrTKRA. 

Porrnicidae. 

Corbett (1920) found an emulsion containing ereolin and loaoseiie killed red 
ants {Solenopsis gpininata, F.) damaging tobac(;o sc'cdlings. 

ISOPODA. 

Speyer and Owen (1924) obtained kill of the cucumber house woodlouse 

[Arrnadillidiiim spp.yori., Jackson) in 24 hours with ortho- and para-cresols mixed 
with soil at the rate of 1/231. The elf(Mtiven(‘.ss was maintained lor 25 and 21 days, 
respectively. 

IMYIUorODA. 

Kearns and Walton (1988) lecorded good lesults with a cr(\sylic acid (‘iTiulsion 
in the control of the glasshouse Sym])hvlid {Sr uf igcrella (nrnKtridata, Mew[).). 

The Addition of other Suhsteinces to Cresol. 

Kerosene : Corbett (1926) (see p. 103). 

Summary. 

In spite of the fact that it is generally recommended as a uselul steriliser lor 
glasshouse soils, eresylic acid seems to be lather lt‘ss suceesshil as an insecticide 
than carbolic acid. Good results have been recorded at dilutions ranging Irom 
J-10%, but frequent failures have been reported. 

Creosote Oils. 

Experiments in Soil. 

HEMiPTERA. 

Aphidae. 

Del Guercio (1917) reconimcndt^d an euiulsion ol unrefined commercial creosote 
as a fumigant for root Aphids and stated that better results could be seiaired by 
the addition of alkaline earths or alkaline j)olvsulphides in equal parts and (hinting 
the mixture to 2%-5%. R(q)pert et al. (1922) found that 1 11.8. qt. [x'r tree of 
a 1/30 soluble creosote solution (30 cc. oil/trec) kilkxl woolly apple aphis [Enosoma 
lanigerum, Ham.) on roots of apple nursery stock without injuring the trees. 1 to 
2 U.S. qt. per tree of an 8% creosote emulsion (75-150 cc. oil/tree) caused severe 
injury. 
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COLBOPTERA. 

kScarabaeidac. 

According to Jarvia (1916) an emulsion of 8 oz. creosote in 5 gals, water gave 
fair results in the control of sugar-cane grubs {Dermolepida albohirlum,W&teTh.). 
Burns (1929) used a 20% solution of commercial creosote in benzene, applying 
J oz. both sides of the sugar-cane stools and 4 ins. (10 cm.) away, to control the same 
gnibs. The results, though somewhat better than the controls, were inconclusive. 
Jarvis (1930 a) also recorded a 34% kill of the grubs with this mixture. 

Elateridae. 

Gough (1942) obtained high kills of wireworms {Agriotes sp.) in pot experiments 
with creosotes of a lower distillation range (190-280 and 220-363” C.) at rates corres- 
ponding to 10 and 1.5 cwt./ac. (126-189 gm./sq. m.) for a six-day exposure. A 
higher boiling sample (approaching anthracene oil) was less effective. The oils 
were absorbed in sawdust and intimately mixed with the soil. 

Curculionidae. 

Isaac (1923) found 4.] 6 . oz. of creosote absorbed in 4J lb. chalk powder and applif’d 
to a cabbage plot 1 rod in area (5 cc. creosote/sq. m.) did not ap|)reciably reduce the 
number of plants galled by the weevil, Ceuthorrhynchm plcurostigma, Marsh. 

DIPTERA. 

Psilidae. 

K. M. Smith and Wadsworth (1921) made four applications of creosote ( 1 %) 
absorbed in sand (99%) to control infestation by the carrot fly {Psila mw, F.) ; 
with a light creosote they obtained 42% uninfested carrots, and with a heavy creosote 
80% uniiifested carrots. K, M. Smith (1925) obtained 57% clean carrots with 
several applications to the young plants of creosote ( 1 %) absorbed in chalk ( 99 %). 

Anthomyiidae. 

Brittain in a series of papers (1920, 1921, 1922, 1923, 1924) found a 1% mixture 
of creosote in clay (99%) applied dry at 700 Ib./ac. (8 gm. creosote/sq. m.) gave a 
very effective control of the cabbage root maggot [liylemyia brassicae, Bch.) ; 
usually less than 1% of the treated plants were infested. Smith (1925) reduced 
infestation by cabbage root maggot from 24 and 30% in the controls to 8 % in plots 
treated with creosote ( 1 %) ab.sorbed in chalk ( 99 %). The same mixture was even 
less effective in controlling the onion maggot (//. ayiliqua, Mg.) (1923 and 1925). 

MYBIOPODA. 

Horsfall and Eyer (1921) found creosote oil diluted to 1/100 and 1/25 had little 
effect in reducing the numbers of millepedes attacking seedlings in cold frames. 

Riley (1929) applied a layer of sand saturated with creosote to the surface of the 
sub-soil, the top soil being afterwards replaced. This measure delayed the attacks 
of the glasshouse Symphylid {ScutigereUa immaculata, Newp.) on lettuce for a few 
weeks, but later they came through in their usual numbers. 

Summary. 

(k’itical exp(Timents on creosote oils have been few in number, but they would 
certainly a])pear to be promising in the control of root maggots, and have occasionally 
given good results with other pests. 

Anthracene Oils (Green Tar Oils). 

These oils have a boiling range of about 270° C. and upwards. They comprise 
the range usually employed as winter washes for fruit trees. Anthracene itself is 
a solid hydrocarbon with the formula C 14 H 12 . 
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Experimp^nts in Air {Pure Anthracene). 

Tattersfield and Roberts (1920) : non- toxic. 
Fleming (1925): ineffective at 796 mg./l. 


Experiments in Soil. 
Psilidae. 


DIPTERA. 


K. M. Smith and Wadsworth (1921) found live applications ol green tar oil 
(1%) and sand (99%) scattered between carrot rows resulted in 89% carrots unat- 
tacked by the carrot fly {Psila rosae, F.). 


Anthornyiidae. 

Stookey (1919) recommended one part of anthracene oil absorbed in 80 parts of 
soil scattered around cabbage plants to prevent attack by the root maggot [Hylemyia 
brassicae, Bch.). Brittain (1920, 1921, 1922, 1923) also obtained good results with 
anthracene oil (1%) absorbed in clay (99%) a|)plicd dry at 700 Ib./ae. (8 gm. oil/ 
sq. m.). The infestation was reduced to less than 2% in all experiments. K. M. 
Smith (1925), however, did not obtain such successful results with anthracene oil 
(5%) and chalk (95%) either for this insect or the onion lly {H. antiqua. Mg.), although 
previously (1923) he found a 1% antln-acene-OO"/, chalk mixture had resulted in a 
comparatively high yield of onions. K. M. Smith and Wadsworth (1921) found three 
applications of a 1% anthracenc-99% sand mixture resulted in only 35% onions 
unattacked by the fly. 


JSOPODA. 

Speyer and Owen (1924) found anthracene in soil had little or no action on the 
cucumber- house woodlouse {Armadillidium speym, Jackson). 

Summary. 

Pure anthracene appears to possess very little toxicity ; anthracene oils absorbed 
in solids have been recommended for the control of root maggots but have not been 
invariably successful. 

Miscellaneous Coal Tar Oils and Distillates. 

This group covers references to uns|)ecilie(l substances, mostly proprietary 
})reparations for fruit-tree winter washes, and, therefore, probably containing a high 
proportion of anthracene oil. 

HEMIPTBRA. 

Aphidae. 

Davidson (1917) used a U to 6%, tar distillate emulsion to control pear woolly 
aphis {Eriosoma pyricola, Bak. & Dav.) with good results, although 1 U.S. gal. was 
not enough to reach the deepest roots, and there was some scorching of the surface 
roots. 


COLEOPTERA. 

Scarabaeidae. 

Davis and Luginbill (1921) found a proprietary preparation containing 12% 
phenols and 53% coal tar oils, diluted to 1/125 and applied at 1 U.S. gal./6 to 8 sq. ft. 
(4-6 gm./sq. m.), was a quite effective remedy for June beetle grubs {Cotinis nitida, 
L.). Preuss (1924) for a Melolonthid larva attacking cacao in West Africa, and 
Mallamaire (1934) for larvae of the Rutelid {Adoretus umbrosus, F.) recommended 
I to 2 1. per tree of a 3% solution of a tar distillate preparation. Cottier (1934) 
found that i to 1 pint of a proprietary tar distillate emulsion applied in 3 gals. 
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water/sq. yd. (169 to 676 cc./sq. m.) gave high kills of the New Zealand grass grub 
(Odontria zealandica, White). The grass had to be well watered afterwards to 
prevent injury to the herbage. 

Curculionidae. 

Isaac (1023) found no reduction in numbers of cabbage galls made by the turnip 
gall weevil {CJpUtJiorrhynchus pleurostigma. Marsh.) on a plot treated with a tar product 
which consisted of a 1% neutral oil and a ground neutral residue and mixed with 
nine times its weight of chalk j)owder and applied at 5 Ib./rod (90 gm./sq. m.). 

Chrysomelidae. 

Ripper (1934) obtaiiu'd 100% kill of the flea beetle {Chmtocmma ariduh, Oylh.) 
hibernating in the soil with 1-2 l./sq. m. (30-60 cc./sq. m.) of a tar distillate 
emulsion. 

Byturidae. 

Korolkov (1913) found a 2% solution of carbolineum well watered into the soil 
gave good results in the control of larvae and j)U])ae of the raspberry beetle {Byturm 
lotnentoum, F.). 


niPTERA. 

Tipulidac. 

8enstius (1915) advised watering plant beds with a carbolineum diluted to 
1/250 at 100 to 200 cc. carholineum/sq. in., three or four months before planting, 
to control Tipulid larvae, if the beds were already planted the strength should be 
1/500. 

Mycetophilidae. 

Speyer ft al. (1939) found drenching the soil with a tar acid emulsion was effective 
in controlling larvae ot l^laslo.mara pfrniciom, Kdw., and Pnyxia scabifi, Hopk., 
attacking young cucumber plants. On cucumber beds, however, the preparation 
was not successtul even with four ajiplications at 1/2,000 and four at 1/800. 


Ant liouiyiidae. 

Cabbage Root Maggot {liykmyia brassicae, Bch,). 

Brittain (lf)23) found various coal-tar products gave good protection (less than 
1% plants attacked) against this pe.st in preliminary tests. Krasnyuk (1931) 
found three ap|)lications ot 04 or 0-2% solution of a proprietary tar distillate at 
120 cc, per plant resulted in only 1-3 and 3-3% of the plants being injured by the 
maggots. (Jasow (1935) tested the toxicity of various distillates to eggs at 0-1 to 
0 4% in laboratory ex})eriments with satisfactory results. Edwards (1935) made 
applications at 10-day intervals of a 1/240 emulsion of a tar distillate at one pint per 
plant and obtained a 31% increase of unattacked plants over the controls, in which 
71% of the plants were attacked. 

Trypetidae. 

Wiesmann (1934) obtained excellent results in the control of larvae and pupae 
of the cherry fruit-fly {Hhagoletis cerasi, L.) with 5 l./sq. m. of an 8% emulsion for 
pupae, or 2% for larvae (100 and 400 gm./sq. m.). Thiem (1934, 1935, 1939) 
described tests made with carbolineumc and tar distillates to control larvae and 
pupae of this insect at concentrations of 5 to 15%. 
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HYMENOPTERA. 

Forraicidae. 

Walker and Anderson (1937) found a 1*5% solution of a tar acid oil gave good 
control of the pavement ant {Tetramorium caespituw , L.) attacking egg-])lants, but 
injured the plants. 


MISCELLANEOUS. 

Molz (1911) reported favourably on the use of car bolinc inns at strengths of 
about 8% for the control of superficial soil insects. 

Paradichlorbenzene (CgH^Cl.,). 

P. -dichlorbenzene (often abbreviated to P.D.CIB. or P.D.B.) is one of the few 
substances which, for insecticidal purjioses, has been almost exclusively used foi’ soil 
treatment, although it is also employed as a control for clothes moths. 

Effect on Plants. 

Most authors stress the necessity for care in its ajiplication, and recommend 
an interval of some weeks between treatment and planting; Mungomery (I92f)) 
stated that sugar-cane was more susceptible to injury during periods of drought. 

Aiyplication. 

Paradichlorbenzene is almost invariably applied in small (quantities (10-30 gm.) 
in holes made in the ground at regular intervals. Various forms of a])paratus hav(* 
been devised to facilitate this and to regulate the dose (Kostenko 192S, Makhuovskii 
1928). More recently it has b(*eii applied as a strong solution in various solvents, 
and in this form and jmre it has been widely used in the U.S.A. in thv control of 
the peach-tree borer. These solutions are sometinu^s emulsified with water before 
appheation. 

Little or no work has been carric'd out on its distribution and determination 
in the soil. It does not apjxair lo be effective in hi'avv soils (Rums 1929, and 
others), and at low temqieratures il clocks not volatilisi* sufficiently rapidly (o be toxic. 
This may account for its lack of success in this country. It is also not effective 
while the soil is wet, but acts again when th(‘ soil dries out (Jarvis 1924 6). 

Experiments in Air. 

Fleming (1925) : minimum lethal dose in air 22 mg./l. ; in water 322 mg. /I. 
Thalenhorst (1937) found 187 mg./l. to be the minimum lethal dose in air to 
kill third-instar grubs of Melolonlha /rlppoeastaiii, h\, for a 24-hour exposure. He 
also found that a dose of 5 gm. gave S3^(, kill of grubs biuied in cages in the soil 
25 cm. deep, 14-25 cm. from the point of injection. 

Experiments in Eoil. 

ORTHOPTERA. 

Gryllidae. 

Conte (1928) recommended paradichlorlx^nzene for the control of the mole- 
cricket, Gryllotalpa gryllotalpa, L., applied in furrows 5 cm. deep and 80-100 cm. 
apart at the rate of 150-200 gm./linear metre. 

DERMAPTERA. 

Forficuhdae. 

Steinweden (1934) found that 1 oz. (28 gm.)/ball had no effect in 48 hours on 
the earwig, Forficula auricularia, L., in balleil nursery stock. 
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ISOPTERA. 

Jepson (1926) found 1/24- 1/S oz. (1-4 gm.) had no effect on termites {Cahtermes 
s]).) building nests under tea bushes. Hargreaves (1929), however, obtained good 
results in the treatment of citrus stock attacked by termites with paradichlorbenzene 
at J oz. (7 gm.) per plant placed in a circle 3 ins. (7*5 cm.) radius and 2 ins. (5 cm.) 
deep. 

THYSANOPTERA. 

Richardson and Nelson (1933) applied paradichlorbenzene to the soil 1-1^ ins. 
(2-r)-3-8 cm.) above gladiolus corms at the rate of 1 oz. (28 gm.) per 50 corms, but it 
was ineifective in controlling the gladiolus thrips {Tamiothrips gladioli, Mlt. & 
Stnw.) and also retarded the growth of the plants. 

HEMIPTBRA. 

Coceidae. 

Hargreaves ( 1924 b) stated that paradichlorbenzene killed the mealybugs (probably 
I*.'ieudococcus kenyae, Le Pelley) attacking coffee, and also penetrated the rubbery 
substance they secrete about the roots. In 1927 he stated that 50% of coffee trees 
previously treated with 2J oz. (70 gm.) were free from the insect. For larger trees 
it was necessary to bare the roots. vSimilar results were obtained by Hancock 
(1926). In an anonymous publication (Uganda Plant Pest Board, 1926) l|-4 oz. 
(42-112 gm.) was recommended for the control of mealybugs attacking coffee. 
The lower rates were to be used on throe-year-old trees. 

Harris (1934) controlled a root-feeding Coccid on peppermint with paradichlor- 
benzene at 4 oz./sq. yd. (136 gra./sq. m.). Hosni and Shafik (1935) obtained 100% 
kill of the pineapple mealybug ( Pseudococcus brevipes, Ckll. ) on the roots of Phoenix 
sp. at 2-10 gm. per plant. 

Aphidae. 

Apple and Pear Root Aphids. 

Howard (1918) reported that paradichlorbenzene gave promising results in the 
ti’eatment of nursery stock infested with woolly apple aphis [Eriosoma lanige.ruw , 
Hsm.) ; 95% kills were obtained with |-1 oz. (21-28 gm. per tree) (1919). Its value 
was confirmed by Pettit (1925), and for older trees (Anon., Long Ashton, 1926) and by 
Marcovitch (1934), who found that | oz. (3| gm.) destroyed the Aphids but was 
apt to injure the trees. French and Levick (1925) found a somewhat higher dose of 
24 oz. (70 gm.) per tree scattered on the surface, and worked in to a depth of 6 in. 
around the tree, necessary to give a complete kill of the pear woolly aphis {Eriosoma 
pyricola Bak. & Dav.). Fssig (1922) successfully controlled the pear root aphis 
{E. lanuginosum, Htg.) on four-year-old pear trees with P.D.C.B. 

Anuraphis persicae-niger, Smith (Black Peach Aphis). 

Cory (1923 6) found that J oz. (14 gm.) per three-year- old tree, applied in a 
sliallow depression and covered with earth, freed heavily infested peach trees within 
a year. Outright (1925 and 1927) stated that oz. (7-9 gm.) was effective and 
was the largest amount tolerated by the trees, although Chandler (1940 b) also 
found ^ oz. (14 gm.) satisfactory as a control measure. 

Grandori (1930 b) recommended two applications, one in November-December 
and the other in March- April, of 20 gm. paradichlorbenzene/linear metre, 15-20 cm. 
deep, to control the vine phylloxera {Phylloxera vastatrix, Planch.). At this rate 
the vines were uninjured. 

LBPIDOPTERA. 

Aegeriidae. 

Aegeria exitiosa, jSay (Peach Tree Borer). 

Howard (1918 and 1919) mentioned the possibilities of paradichlorbenzene in 
the control of this insect, the larvae of which bore holes and galleries in the roots 
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and bases of the trunks of peach trees. Blakeslee (1919) published the first detailed 
account of its use, and his recommendations have formed the basis of all para- 
dichlorbenzene treatments of the borer ever since. 1’ho method consists in placing 
a layer of crystals in a circle around the base of the tree either below ground level 
or, if at ground level, then mounded over with al)out 2 ins. (f) cm.) of soil. If the 
material is placed a few inches from the trunk little damage is caused to older trees. 
The amount suggested is |-1 oz. (21-28 gm.) per ti'ee ajjplicd in the .early autumn. 
This gives 100% kill within 14 days. The more recent modifications have largely 
been attempts to make the treatment suitable for younger trees and also to make it 
more certain in its action. Blakeslee’s results were confirmed by Peterson (1921 b 
and 1923 6) in New Jersey ; by Snapp and Alden (1923) in Georgia ; by Haseman 
and Sullivan (1922) in Missouri ; by Thompson (1927) in Oregon, and many others. 
Peterson (1923 u) obtained kills of 82-95% with ^ oz. (14 gm.) doses. Craighead 
(1923) recorded 90-99% kills at the same rates within 14 days, and Herrick (1923) 
kills of 94-100% with doses of J-l{ oz. per tree. 

Further recommendations in the amount for younger trees, the best time for 
treatment, and the necessity or otherwise of removing debris before treatment and 
the soil mound after treatment, were made by Snapp (1924) and Chandler (1924). 
The soil temperature of the mound is an important factor. Rssig (192fi) found 
the best results were obtained at 75-85° F., although according to Chandler (1939) 
the optimum temperature was 55-60° F., and above this too ra]fid volatilisation 
occurred. Most authors found the treatment was ineft'ective in the winter and 
was most successful in the autumn and to a lesser extent in the late spring. A full 
account of recent practices and recommendations is given by Chandler (1939). 

Other Root Borers. 

Peterson (19236) found the same treatment successful for dealing with borers 
in plums and cherries but not for the round-headed borer of the apple {Saperda 
Candida^ F.) or the blackberry crown borer {Pennisetia marginnta, Harr.). Guyton 
and Steal* (1924) confirmed Peterson’s view that the treatment injured apple trees. 

liathrop and Trask (1924) used this method in Oregon to control the prune root 
borer {Aegeria opalescens, Rdw.), and Thompson (1926) found i oz. (14 gm.) success- 
fully controlled this insect on cherries. 

Noctuidae. 

Hawley (1918) obtained satisfactory results (82-95% kills) of the ho]) borer 
{Hydroecia ifmnanis, Gn.) with the application of a few (Tvstals per hill. Esterberg 
(1932) successfully controlled an attack of the potato stem borer [Hydroecia micacea, 
Esp.) on onions by the application of 0-5 gm. per plant. 

Tortricidae. 

Chandler (1930) stated that paradichlorbenzene had not given consistently 
successful results in the control of larvae of the Oriental peach moth [Cydia molesta, 
Busck) overwintering at the base of the trunk of peach trees. 

COLEOPTERA. 

Scarabaeidae. 

Howard (1922) stated that 300 lb. of paradichlorbenzene/ac. (34 gm./sq. m.) 
drilled in 1 in. (2*5 cm.) deep and 4 ins. (10 cm.) apart killed 75 % of the larvae of 
Popillia japonica, Newm. 

Jarvis and his co-workers have published a long series of papers dealing with 
the control of the sugar-cane grub {Dermolepida albohirtum, Waterh.) in Queensland. 
Paradichlorbenzene has been extensively used for this purpose, and the history 
of its introduction and general recommendations for its use are given by Jarvis 
(1928 and 1929). The substance is used in amounts of J oz. (7 gm.), or for some 
purposes J oz. (3’6 gm.), 4J-6 ins. (12 cm.) deep and 12-18 ins. (30-46 cm.) apart. 
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It is usually applied with a machine (Jarvis 1924 a) on both sides of the cane 
rows 0 ins. (15 cm.) from the stools. The rate is equivalent to about 1 cwt./ac. 
(13 gm./sq. m.). 

Jarvis and Burns (1926) recorded 48 and 49% kills of the cane grub with this 
method, but judging from the frequency with which it is recommended it would 
appear to be usually more successful than this. Jarvis (1925 b) and Mungomery 
(1928 and 1929) have stressed the lengthy period over which P.D.C.B. is active, 
especially com])ared with carbon disulphide. According to the latter author, para- 
dichlorbenzene should not be used in winter wiien the soil temperature is below 
60'' F. (16 ' (L), as the rate of vaporisation is then too slow. It is not effective 
in wet soils. Mungomery (1932) also recorded considerably reduced yields of 
sugar-cane on land treated with P.D.C.B. 

Lopez (1931 u) found that for this reason paradich lor benzene was not successful 
in the clay soils of the Philippines when used in the way suggested by tiarvis to 
control various species of sugar-cane grubs, as the most (jonvenient time to apply it 
coincided with the start of the rainy season. Box (1925), however, obtained up to 
85yo kills of white grubs {LachnoMerna sp.) attacking sugar-cane in Porto Kico 
by scattering 1 oz. (28 gm.) {)er .stool over the soil for a radius ot 9 ins. (22-5 cm.) 
and following the application with watering. 

Wolcott (1924) in Porto Hico found in laboratory (experiments that 0-3 oz./cu. ft. 
(300 gm./cu. m.) was nece.ssary to obtain complete kills of whit(' grubs. This corre- 
sponded to the high rate of 800lb./ac. (90 gm./sq. rn.) in the tield. Barnw (1924) 
for these grubs in l^orto Rico and Welters (1934) for grubs of Anosmia orientalis, 
Waterh., in Hawaii both found P.D.C.B. ineffective at 200 and 400 Ib./ac. (23 and 
45 gm./sq. m.). The latter author used Jarvis’s method of application. 

Russian Work on various Sciarabaeid Ijarvae, mainly Melolontha hipporastani, F., 
and Polyphylla fidlo, \j. 

(lolovyanko has published several papers (1927-1935) on tlie use of P.D.C.B. 
in the control of tliese grubs attacking vines and nursery stock of forest trees. In 
a general summary of the method (1935), he ria'omnuMuls the application of | oz. 
(20 gm.) in holes 8 ins. (20 cm.) deep ami 14 ins. (35 cm.) apart each way, the holes 
being covered in after the intF’oduction of the fumigant. Tins coTTCsponds to a 
rate of 364 Ib./ae. (40 gm./sq. m.) and is suitable for .sandy soils, but for heavy or 
compact soils more fumigant is required. 1'he method was more effective if the 
cry.stals were spread evenly over the area of a square hole (2-5-~2‘75 sq. dec.) than 
if placed in a heap (1930, 1933). A mechanical means of introduction was devised 
(1930, 1935), Kills of 90-100% were fre(|uently obtained u.sing 7 gm./holo, with 
the holes 14-28 ins. (35-70 cm.) apart and 4-8 ins. (10-20 cm.) deep (1933). 

Similar results have been obtained by Dekhtiarev (1929) with 100% kills at 
240-300 Ib./ac, (27-34 gm./sq. m.) ; by Zhirkov (1931) with 75, 90 and 100% kills 
at 20, 40 and 60 gm./sq. m. respectively ; by Sokanovskii (1932) with 100% kills 
at about 40 gm./sq. m. ; and by Krasnyan.skii (1937) with 75% kills, also at about 
40 gra./sq, m. Rekk (1930) reported high kills of 8(wabaeid larvae attacking 
fruit trees treated with P.D.C.B. applied in rings around the trunk. 

(.higarev (1930) pointed out that higher kills were obtained when the P.D.C.B. 
was introduced at lower depths than the 2{-5 ins. (6-1 2*5 cm.) then in common use. 
Re (1932) also showed that higher kills (100%) for the same rate (40 gm./sq. m.) 
were obtained in open glades where the soil temperature was 9" Cf higher than in 
the shady areas (81-8% kill). 

Other Scarabaeid Larvae. 

Strawinski (1928) obtained a complete kill of the larvae of AmphimMlus noU 
Mitialis, L., with 4 gm, doses applied in holes 2 -5 cm. deep and 25 cm. apart (36 gm./ 
sq. m.). Grandori (1930u), for the control of the cockchafer, Melolontha vulgaris, 
L., recommended strewing P.D.C.B. crystals in furrows 20-25 cm. deep and 1 m. 
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apart at 20 gm. /linear m. The furrows should be lilled in with earth and stamped 
down ; the application should preferably be made in November or J)ecemb(‘r. 
Applied under laboratory conditions, 10 gm./sq. m. gave a complete kill of grubs in 
a box. 

Goidanich (1931) found P.D.C.B. gave effective control of the Dynastid, Pentodon 
punctatus, Villers, attacking young trees if applied 101 5 cm. ileep at 12 20 gm. 
per plant in four holes 15 -20 cm. from the tree, (dottier (1932) found P.D.C.B. 
at 3-4 oz./sq. yd. (102-136 gm./sq. m.) worked in to a depth of about 3 ins. (7-5 cm.) 
(‘ffective but expensive for the control of the New Zealand grass grub [Odontria 
zeakindica, White). Franklin (1941) obtained a com])lcte kill of larva(‘ of .1 niphiconui 
vulpma, Hentz, on cranberry bogs by applying P.1).(-.B. at 1200 Ib./ac. (134 gm./ 
sq. m.) and covering the crystals with a layer of sand about an inch thick. The 
method was very expensive. 

Flateridae. 

Hawkins (1928) found that P.D.C.B. at 100-200 Ib./ac. (11-22 gm./sq, m.) 
apparently had no effect on the numbers of wireworms (mainly Agri()te.'< niancus. 
Say) in treated plots in Maine ; McDougall (1934) obtained negative results in the 
v.ontro\ of Lacoti variahilis, Cand., attacking sugar-cane in Queensland with P.D.C.B. 
incorporated in the soil close to the .sets at planting time at 680 Ib./ac. (76 gm./sep m.). 
Speyer et al. (1940) found P.D.C.B. applied to dibbled holes before tomatos were 
planted proved harmful to the plant at concentrations necessary to previuit win^worm 
attack. 

Buprestidae. 

Libes (1924) reported that he had u.sed P.D.C.B. in the control of the black 
flat-headed borer {Cajrnodis tmehrionis, L.) on cherry trees at the rate of 24 gm. 
per 3-4 -year-old tree applied as for peach borers in America. The older 
larvae were not killed by this amount, but there af)peared to be less damage in the* 
treated trees. Rekk (1932) also u.sed P.D.C.B. for the same pur})ose, and at 32-()4 gm. 
per tree kills up to 95% were obtained. The fumigant was applied in circular 
furrows 8-10 cm. deep and 10-13 cm. away from the tree and then covered with 
soil. 

Curculionidae. 

Isaac (1923) obtained negative results with P.D.C.B. applied to spring cabbages 
to control the turnip gall weevil {(JmiJiorrhynchus pleurostkjimi, Marsh.). The crystals 
were diluted with nine times their weight of chalk })owder and the mixtures applied 
at 5 lb. /rod (9 gm./sq. m.). Barrow (1924) also found P.D.C.B. at 200 and 400 Ib./ac. 
(22 and 45 gm./sq. m.) apparently ineffective in the control of the root borer, Diaprepos 
apengleri, L., attacking sugar-cane in Porto Rico. French and Hammond (1926) 
were unable to destroy larvae of the apple root borer {Leptops hopei, Fhs.) in Victoria 
with P.D.C.B. at |-3 oz. (21-84 gm.) per tree. Lovell (1932) was also unsuccessful 
in fumigating larvae and pupae of the vegetable weevil {Listrodere.,'^ obliquus, Gylh.) 
with applications of 1 oz./4 ft. row (23 gm./m.) of carrots. F. F. Smith (1932) 
was, however, able to kill all larvae of the vine weevil {Otiorrhytichm mlcatm, F.) 
with 0-25 gm. of finely powdered P.l^.C. B. per four-inch flower-pot of soil. Cyclamens 
tolerated up to 0-75 gm. per pot. Krasnyanskii (1937) obtained 72 79% kill of 
grubs of Otiorrhynchus furca, Boh., with P.D.C.B. at 1 oz./sq. yd. (34 mg./sq. m.). 

Chrysomelidae. 

Weigel and Doucette (1922) found P.D.C.B. at 2-8 gm. per plant promising 
for the control of the strawberry root worm {Paria canella, F.) on roses, but the 
plants were injured by the treatment. Jarvis (1927 n) found that P.D.fkB. gave 
a satisfactory control of Rhyparida morosa, Jac., attacking the roots of young maize 
plants, 
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Cerambyoidae. 

Chamberlin (1925) found that P.D.C.B. at f-l oz. (14-28 gm.) per plant had 
little effect on the gooseberry root borer {Xylocrius agassizii, Lee.). On the other 
hand, it has been found (Oregon 1928) that 1 oz. (28 gm.) per plant gave promising 
results for the control of this insect. Crawford and Eyer (1928) obtained about 
50% kill, after three months, of larvae of Priomi.s calif orniem, Motsch., with 2-4 oz. 
(56^112 gm.) placed in early June around each of the infested trees 5-0 ins. 
(12^-15 cm.) from the trunk. 


DIPTBRA. 

Cecidomyiidae. 

Olombel (1931) stated that cauliflowers grown on soil treated with 1500 kg. 
}M3.C.B./ha. (150 gm./sq, m.) were less severely attacked by the midge, Contarinia 
torquens, de Meij., than those grown on untreated soil. Miihlow and Sjoberg (1937) 
found no reduction in the infestation by wheat gall midges {(J. tritici, Kby., and 
Sitodiplosis mme.llana, Geh.) on wheat [)lots sprinkled with P.D.C.B. in sand. 

Mycetophilidae and Chironomidae. 

R. W. Thompson (1929) obtained a complete kill of larvae of Sciara caesar, 
Johannsen, and Smittia byssina, Sehr., injuring the roots of various plants in a 
glasshouse, with P.D.C.B. scattered over the soil at 2 Ib./lOO sq.ft. (100 gm./sq. m.) 
and then covered over with 2 ins. (5 cm.) of soil. Only 20% of the larvae were killed 
if the layer was left uncovered. This operation should be carried out {it least foui* 
weeks before planting. Fulton (1933) found P.D.C.B. caused no reduction in the 
numbers of midges emerging from seed-beds where the larvae had been causing 
damage. 

Psilidae. 

K. M. Smith and Wiidsworth (1921) found five applications of P.D.C.B. to carrots 
at I oz. /sq. yd. (17 gm./sq, m.) W(‘ ineffective in preventing infestation by th(‘ 
carrot fly {Psila ro.sae, F.), 

Anthomyiidae. 

Brittain (1920) recorded 3 and 6% cabbage plants destroyed by the cabbage 
maggot {Hylernyia hrassicae, Bch.) on plots treated with 10% P.D.C.B. and 90% 
Scotch soot applied dry at 700 lb,/ac. (78 gm./sq. m.). The percentage of plants 
destroyed in the control plots varied from 17-44. The following year ( 1921 ) ho recorded 
16-22% treated plants destroyed compared with 56-65% in the controls. Goffart 
(1933) obtained unsatisfactory and inconclusive results with P.D.C.B. at 2 gm./sq. m. 
for the control of cabbage root maggot. 

Trypetidae. 

Samoggia (1932) found P.D.C.B. gave an effective control of cherry fruit-fly 
{Rhagoletis cemsi, L.) when the larvae descend to the ground to pupate. He recom- 
mended 35-40 gm. applied in 8-12 furrows 3-4 cm. deep radiating from the foot 
of the plant to just outside the limit of the leaf system. Alternatively 30 gm. 
could be applied in four or five concentric circles over the same area. He found the 
pupae were much more resistant than the larvae. Wiesmann (1934) advised 
P. D.C.B. at 2(440 gm./sq. m. for the control of the pupae and obtained 100% kill 
of them at this rate. He obtained 90-100% kill of the larvae when these were 
introduced into soil treated with 30-40 gm./sq. m. up to three and five days after 
treatment. Thiem (1934) found P.D.C.B. gave good control of the pupae in pot 
experiments with 5-10 gm. per pot 15 cm. wide (250-500 gra./sq. m.). P.D.C.B. 
applied in the field in little heaps at about this rate resulted in fewer flies (16-28%) 
emerging than any other substance tested. 
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HYMBNOPTERA. 

Formicidae. 

Hutson (1936) recommended P.D.C.B. at 1 oz./sq. yd. (34 gm./sq. m.) to kill 
the ant, Dorylus orientalis, Westw., which injures underground parts of ornamental 
plants and vegetables. It should be applied when the soil is dry, sprinkled along 
shallow furrows between the rows of i)lants at J oz./yd. of furrow (8 gm./m.) and the 
soil afterwards replaced. 


MYRIOPODA. 

Scutigerella imw.aculata, Newp. (Glasshouse Symphylid). 

Wymore (1931), after obtaining promising results in the control of this pest 
in the laboratory, found P.D.C.B. unsatisfactory in the field at 300 Ib./ac. (34 gm./ 
sq. m.) when applied to asparagus beds in furrows 6-7 ins. (15 17-5 cm.) deep. 
Negative results were also obtained (Oregon 1928) at J Ib./lOOO sq. ft. (2-5 gm./sq. rri.), 
and by Brunetau (1935) at 400kg./ha. (40 gm./sq. m.) appUed in ridges 40 cm. apart 
and 15 cm. deep. Filinger (1928, 19316) and Riley (1929) broadcast the substance 
on the subsoil after the topsoil had been removed. After this had been replaced, 
the P.D.C.B. acted as a barrier to the Symphylids in the subsoil. Filinger found 
this effective at 1 and U Ib./lOO sq. ft. (50-75 gm./sq. m.), but Riley reported onl\’ 
slight delay in the incidence of tlie attack at 10 Ib./lOO sq. ft. (500 gm./sq. m.). 
Michelbacher (1932), however, obtained 100% kill on small plots with 600 and 
900 Ib./ac. (67 and 101 gm./sq. m.) and 80% kill at 300 Ib./ac. (34 gm./sq. rn.) when 
the P.D.C.B. was applied broadcast in furrows 10 ins. (25 cm.) wide, 18 ins. (45 cm.) 
apart, and 6 in^. (15 cm.) deep. 


Summary. 

Paradichlorbenzene has been used successfully against several root pests of 
trees when applied about 15-30 gm. per tree. Unless used carefully, serious injury 
to the tree is liable to result. In Russia, especially, it has been extensively used 
to control various Lainellicorn larvae, and for this purpose it is usually applied in 
holes 20-40 cm. apart and about 40 gm./sq. m. It has also been applied in furrows 
up to 500 gm./sq. m. for the control of various soil pests, but often without success. 
It is active for a very long time. 

Paradichlorbenzene applied in various Solvents. 

HEMTPTBRA. 


Aphidae. 

Printz (1935) stated that a solution of P.D.C.B. in carbon disulphide (0-3 oz. 
and 0-9 oz. respectively /sq. yd., or 10 gm. in 30 gm./sq .m.) gave satisfactory kills of 
Phylloxera. Later (1940) he recorded complete mortality to a depth of 24-40 ins. 
(60-100 cm.) with this solution at 4*2 oz./sq. yd. (145 um./sq. m.) applied in holes 6-7 ins. 
(15-17-5 cm.) deep and 14 ins. (35 cm.) apart. The P.D.C.B. was effective in the 
surface layer, whereas the carbon disulphide was more effective below 4 ins. (10 cm.). 


LEPIDOPTBRA. 


Aegeriidae. 

Aegeria exitiosa. Say (Peach Tree Borer). 

Siegler (1927) obtained promising results with 1 oz. of P.D.C.B. dissolved in 
50 cc. gasoline (petrol) per tree instead of applying it, as usual, in crystals. Sieglei* 
and Brown (1929) reported that this treatment was effective without the previous 
preparation of the soil or the mounding up around the tree necessary when the 
crystals were applied in the usual way. Snapp and Swingle (1929), however, 
tried this method unsuccessfully, but Snapp (1932) later reported on it favourably. 
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Cory (1928 a) dissolved P.D.C.B. in pine oil at 100 gm./lOO cc. and then emul- 
sified this solution with soap, diluting it to 1 in 9 and 1 in 4. Applications with these 
strengths injured apple trees but not peach trees, and in both cases high kills of 
worms were secured. Snapp and Thomson (1934 n. and 1936) found that cotton- 
seed oil emulsions of P.D.C.B. were safer and quicker, though slightly less effective, 
than crystals .alone, especially in the treatment of younger trees. The amounts 
used were oz. (4-21 gm.) of P.D.C.B. to .}-l U.S. pt. (120-474 cc.) of oil according 
to the age of the tree. Kills of 59-100% were obtained. Tn mineral oils and 
gasoline and kerosene, good control was obtained, but injury to nursery stock 
resulted. 

Chandler (1936 and 1939) found proprietary miscible oils, soya-bean oil, cotton- 
seed oil, and mineral oils were satisfactory solvents. He used ;|-l oz. P.D.C.B. in 
} to I U.S. pint of solvent per tree and, though they did not give increased kills, 
such mixtures could be applied to young trees without injury, and by using a spraying 
machine the work could be done more quickly. A device for delivering regulated 
amounts of liquid for this purpo.se was described by Snapp and Thomson (1934 &). 
Worthley and Steiner (1942), however, found that tree injury tended to be more 
severe with liquid applications than with crystals. They suggested that the amount 
of injury was correlated with soil and climatic comlitions. 

Other Borers. 

Chandler (1936) found the lesser peach tree borer (Aegeria pidi-pes, G. & R.) 
more re.sistant than .4. exUiosa, and found 2 oz. of P.D.C.B. in a miscible oil gave 
83% kill. In an anonymous report (New York 1937) it is stated that 2 lb. P.D.C.B./ 
1 U.S. gal. crude cotton-seed oil (240 gm./l.) painted on peach trees gave 75^0 kill of 
A. pidipes. 


OOLfiOPTERA. 

Scarabaeidae. 

Printz (1932) found P.D.C.B. dissolved in carbon disulphide in the proportion 
of I : 2 and applied at 2- 1-2*4 oz./sq. yd. (70-80 gra./.sq. rn.) in June killed all larvae 
of Polyphylh olivieri, Lap. 

Jarvis (1930 u) used a solution of P.D.C.B. in carbon disulphide as a convenient 
method of application to control cane grubs {Dennohpida alhohirtumy Waterh.). 
80-85 lb, of each was used per acre (9 0-9 5 gm./sq. m.), the maximum amount applied 
to a large stool being 22 cc. in four injections. Mungomery (1931) injected a 
saturated solution of P.D.C.B. in carbon disulphide 4 ins. (10 cm.) deep in 4-8 cc. 
doses on both sides of sugar-cane stools and obtained 75% kill of cane grubs [Pseudo- 
holophylla furfuracea, Bunn.). Bell (1934), for the control of another cane grub 
[Dermolepida albohirtum, Waterh.), found a mixture of equal parts of P.D.C.B. and 
carbon disuljihide slightly more effective than either used alone. The following 
year (1935) he recommended two parts carbon disulphide to one part of P.D.C.B., and 
this combination gave the best control of all remedies tried. 

Bennett (1940) obtained 75% mortality of chafer beetle larvae [Phyllopertha 
horticoh, L.) in small artificially infested plots with a mixture of 1 lb. P.D.C.B. 
and 4 lb. naphthalene dissolved in 1 gal. benzene at a concentration equivalent to 
4 cwt./ac. (50 gm. mixture/sq. m.). 

Elateridae. 

Pepper (1937) tested P.D.C.B. in carbon disulphide emulsion on various species 
of wireworms. The mixture was applied direct to cabbages, cauliflowers and 
collards ; J oz. carbon disulphide containing 1 gm. P.D.C.B./ U.S. pint/plant gave 
84 and 85% kills. Dissolved in cotton-seed oil only 55% kill was obtained. No 
injury was caused to the plants with these amounts. Miles and Cohen (1939) 
found an emulsion containing 10% carbon disulphide and 0*7% P.D.C.B, was an 
effective soil fumigant for wireworms [Agriotes sp.). 
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Curculionidae. 

Marlatt (1931) reconinieiided a 4% emulsion ol P.D.C.B. dissolved in a mineral 
oil sprayed on the soil lor the control of plum curculio pupae iConotrachelus nenuphar, 
llbst.). 

Chrysomelidae. 

Feytaud (1932) found a solution of 25 grn. P.D.C.B. in 50 gm. benzene, emul- 
sified with soap and water and applied at 1 l./sq. m., was useless to control (blorado 
beetles {Leptinoiarsa dtcemlinejiUi, Say) hibernating in the ground. 

Ceram by cldae. 

In an anonymous publication (New Mexico 1935) it was stated that a solution 
of P.D.C.B. in petrol at 3J: oz./U.8. pint/cu. ft. gave 100% kill of larvat* of tlui root 
borer, Prionus calif ornicm, Motsch., buried in artificial trenches. 

DIPTERA. 

Ceeidomyiidae. 

Muhlowand Sjdberg (1937), using a solution of P.D.C.B. in kerosene at I gal./lOO 
sq. yd., obtained a marked reduction of infestation l)y wheat gall-midges {Con- 
farinia Iriciti, Kby., and SilodiphsiH mosellami, Ceh.). This claused oidy slight 
injury to the crop, though at 2 gals./lOO sq. yd. the injury was severe. 

Trypetidae. 

Wiesmann (1934) found a P.D.C.B. emulsion did not remain toxic in the soil 
to larvae of the cherry fruit-fly {Khagoletis ceram, L.) very long after treatment. 

Hammer (1934) found an emulsion of a saturated solution of P.D.C.B. in kerosem^ 
gave a high kill of apple maggot ])upao [HhagoletU ponionella, Walsh), though not 
much higher than kerosene alone. 

Dichlorethyl Ether (CH/d.CHCl.O.CH^CHa (a/?)). 

(CH^Cl . CHgO . CH., . CH^Cl 
Liquid. S.G. 1-22 at 20° C. 

Attention was first drawn to this substance by Lehman (1933), who observed a 
marked difference in the relative toxicity of the a(i and hji' forms to the wire worm, 
Pheletes calif ornicus, Mannh. Several American workers have shown it to be highly 
toxic to wireworms, and it has since boon tested extensively for other soil insects. 
Its principal disadvantage is its expense. 

Experiments in Air. 

Lehman (1933) recorded the median lethal dose (50% kill) for the wiroworm, 
Pheletes calif ornicus, Mannh., for a five-hour exposure at 25° C., as 3*41 mg. /I. for 
the ah form and 0-90 mg./l. for the hh' form ; these were respectively 9*2 and 35 times 
as toxic as carbon disulphide under the same conditions. 

Experiments in Soil. 

(These all refer to the hh' form.) 

THYSANOPTERA. 

Jones (1940 a) treated soil with 10 cc. dissolved in I U.8. gal. water/sq. yd. 
(14 gm./sq. m.) (using 0*5 gm. of a miscible oil to improve the solution) for the control 
of pear thrips {Taeniothrips inconsequens, Uzel). No thrips emerged from the soil 
thus treated, but several thousand emerged from untreated soil. 

U 
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HEMIPTBBA. 

Aphidae. 

Underhill and Cox (1940) found dichlorethyl ether at a dilution of 1/800 gave 
satisfactory control of woolly apple aphis {Eriosoma lanigerum, Hsm.), when 
applied to the soil at 1 U.S. gal./sq. ft. ( 02 gm./sq, m.) without injuring apple roots. 
Higher rates scorched the roots and in some cases killed the trees. 

LEPIDOPTBBA. 

Aegeriidae. 

Chandler (1939) found a solution of 30 cc./U.S. gal. applied at | and 1 U.S. 
pint per tree (3 and 5 gm./trce) resulted in 00 and 19% kill of peach tree borers 
{Aegeria exitiosa, Say), respectively. The inconsistency was probably due to the 
small numbers of borers per tree. 

Crambidae. 

Stone and Elmore (1937) obtained 05 and 100% kill of sod webworms in lawns 
with solutions of 5 and 10 cc. ether/U.S. gal./.sq. yd. (7 and 14 gm./sq. in.). The 
pupae were unaffected. Bohart (1940) also obtained high kills of Cramhns sp. 
in California using a similar rate (1 /400 solution at I U.S. gal./sq. yd. or 13 gm./s(|. m.), 
but Jewett (1939) in Kentucky only obtained 31 and 54% kills at this rate. 

COLEOPTERA. 

Scarabaeidae. 

Bell (1935) found dichlorethyl ether to be inferior to carbon disulphide as an 
insecticide for the sugar-caiu' grub {Dcr7nole.2)i(l(i albohirfum, Waterli.). Hartzell 
and Wilcoxon (1939) found a saturated solution (8-3 cc./l.) applied at I U.S. gal./ 
sq. yd. (46 gm./sq. m.) with a power sprayer gave poor control of Japanese beetle 
larvae at the end of the summer before all the eggs were hatched, but applied at 
the end of September, 68 and 62% mortality was recorded with only slight injury 
to turf. Two apidications at 4-5-day intervals resulted in 06 and 80% mortality 
but caused severe injury to the turf. 'Fhe addition of a small quantity of a sulphated 
alcohol improved the kill. Ritcher and Jewett (1942) averaged 81% kill of grubs 
of Phyllopfui^a hirticuh, Knoch, and 79% of Cotinis nitida, L., with solutions of 
32 cc. dichlorethyl ether/U.S. gal. ai)plied at 2 U.S. gal./sq. yd. (94 gm./sq. m.). 
Half that amount was quite ineffective ; a few cc. of a sulphated alcohol assisted 
solution but did not enhance the toxicity. The treatment had little, if any, deleterious 
effect on blue grass, but was toxic to various weeds. 

Rlateridae. 

Campbell and Stone (1937) obtained comjJete kills of wireworms, Pheletes mli- 
fornicus, Mannh., to a depth of 8 ins. (20 cm.) with a solution of 5 cc./U.S. gal. 
Only 30 and 33% kills were obtained at a depth of 12 ins. (30 cm.). 1 U.S. gal. of 
this strength per 15 ft. of row (5 gm./in.) applied to rows previously baited with 
beans gave 97% kill on a heavy loam, but inconsistent results on a sandy loam. 
Strong (1938) recorded kills of 67 and 100% with solutions of 6, 9 and 12 cc./U.S. 
gal. applied to various crops in California to control wireworms. Only the strongest 
solution caused injury to jilants. Pepper (1940) applied emulsions direct to various 
plants. Doses of 5 cc. were tolerated by most vegetables tested, and kills of 98-100 % 
of wireworms were obtained in the surrounding soil. Speyer (1940), however, 
reported injury to tomatos at concentrations of 1/250 and 1/1,000. Campbell (1942) 
investigated the repellent action of dichlorethyl ether to the wireworms, Pheletes 
camis, Lee., and P. calif ornicus, Mannh. Mixed with an inert carrier and applied 
to the soil at planting time as a dust, it reduced wireworm attack on melon seeds 
but affected germination. When applied in dilute solution, it effectively protected 
seedlings and young plants for three weeks. Promising results were also obtained 
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with 10 fl. oz./U.S. gal. applied at 1 U.S. qt. per hill. Gough (1942) obtained 85 to 
100% kill of Agriotes sp. in pot experiments with 0*25 to 1 -0% emulsions applied at 
rates corresponding to 23-94 cc. ether/sq. yd. (33-14(3 gm./sq. m.). 

Curculionidae. 

Snapp (1939 a) in laboratory tests obtained complete mortality of larvae of the 
plum curoulio {Conotrachelus nenuphar, Hbst.) with solutions of | fl. oz./U.S. gal./ 
sq. yd. (14 gm./sq. m.). The same rate gave 67% kill of the pupae. In field tests 
under poach trees the same result was obtained, and 1 fl. oz./gal./sq. yd. (42 gm./sq. m.) 
killed all the pupae without any injurious effect on the tree. Schwardt and Lincoln 
(1940) only obtained a low kill of larvae of the alfiilfa snout beetle {OtiorrhyiKliw 
ligustici, L.) with 15 cc. doses of dichlorethyl ether injected 15 ins. (38 cm.) apart 
(161 gm./sq. m.). A somewhat higher kill (53%) was recorded in an examination 
four weeks after treatment. 


DIPTERA. 

Mycetophilidae. 

Speyer et al. (1940) found dichlorethyl ether solution highly toxic in preliminary 
trials to larvae of a Mycetophilid fly injuring cucumber roots. 

The Addition of other Substances to fHchlorethyl Sther. 

Methyl Bromide. 

Lincoln et al. (1942) mixed equal quantities of the two substances and water 
containing an emulsifying agent to make a stock emulsion, with the object 
of improving the toxicity of methyl bromide, which had previously given un- 
successful results in the control of the alfalfa snout beetle [Oliorrhynehus ligustici, 
L.) in the surface layer of soil. 450 cc. of the stock emulsion applied in 5 U.S. 
gals, water/100 sq. ft. (20 gm./sq. m.) gave complete control at all levels, though 
they recommended a slightly higher rate (600 cc. stock) for general use. There 
was a noticeable stunting of the alfalfa. 

Summary. 

Dichlorethyl ether is one of the few new substances which has given really satis- 
factory results as a soil insecticide. It has been used successfully to control a largo 
variety of pests at rates ranging from 14-100 gm./sq. m. It wovdd seem to be w(‘ll 
worth while testing even more thoroughly, though its cost is rather high. 

Lead Arsenate (PbHAsO^). 

Crystalline. 

The use of lead arsenate sprays and dusts as stomach poisons, especially for 
fruit tree pests, has been developed extensively in recent years and a finely 
divided and standard product can now bo obtained. Acid load arsenate is the 
form most frequently used nowadays, and it is more toxic to Popillia japonica, 
Newm., larvae than basic lead arsenate (Leach 1926, Fleming and Baker 1936, 
Fleming 1942). It is assumed that unless specifically stated otherwise, acid lead 
arsenate is the one referred to by experimenters. Lead arsenate also appears to 
be the most effective as a soil insecticide of all the other arsenates tested (Leach 
1926, Fleming and Baker 1936, Fleming 1942). According to Fleming (1936), it 
should contain at least 30% arsenious pentoxide and not more than 0*75% of water 
soluble arsenic expressed as metallic arsenic. The Ministry of Agriculture, however, 
requires a minimum AsjOg content of 31% and a maximum water soluble AsgOg 
content of 0-5% (1934). These requirements are usually satisfied by standard 
agricultural sprays. Its use in the soil is based on the supposition that soil insects 
will not be able to avoid taking up arsenic present in the soil when feeding on plant 
roots or remains, In the amounts applied, a considerable period is likely to elapses 

E 2 
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before an insect consumes sufficient arsenic to kill it, but the results in certain oases 
appear to justify the use of this substance. 

It has, however, proved particularly useful for the larvae of numerous species 
of Scarabaeid beetles, especially on grassland, and can be incorporated into lawns 
which are being laid down, where it elfectively prevents attack for about five years. 
Hallock (1935) has suggested that its success is partially due to the fact that as it 
remains effective in the top layer of soil, larvae of the Oriental beetle {Anomala 
orienialis, Waterh,), which were too dee]) to be affected at the time of application, 
and which would not have been affected by other types of soil fumigants, are killed 
when they return to the surface layer to feed. 

Hamilton (1931 a) has described the ])enetration of lead arsenate into the sod 
and gives tables showing the amounts recovered at different depths down to lU ins. 
He also (1931 6) found little differen<‘e between tlu' toxicity of two colloidal types 
and the ordinary powder to the grubs of the Asiatic garden b(‘etle {Auto>*ierica aistanea, 
Arr.). 

EMirnation in and Reaction with Soil. 

Koblitsky (1939) has described a method for the determination of arsenic in small 
quantities in the soil. 

Fleming et al. (1936) showed that the variation of toxicity in different types of 
soil appeared to be ciorrelated with the water soluble constituents of the soil. A 
greater concentration of soluble ])hosphate and calcium in the soil rendered the 
arsenate more effective, and a greater concentration of soluble magnesium rendered 
it less effective. Lime (Fleming 1936) reduced the effectiveness of the treatment. 
Fleming (1942) also found that regrinding the material to a smaller particle size 
significantly increased its eft'ectiven(‘ss. (linsburg (1940) has discussed the effects that 
might result from the combination of lead arsenate with certain salts which are likely 
to be present in soil. 

Effect on Plants. 

Most authors recommend that a period of months should elapse between 
application and planting or sowing. Fleming (1927) attempted unsuccessfully to 
reduce its toxicity to certain plants by coating the particles with paraffin and 
various oils and fats. 

Experiment in Soil. 

ISOPTERA. 

Headlee and dobbins (1939) found that termites {lieticuliternies Jlaoipes, Kollar) 
would not enter areas of .soil intimately mixed with lead arsenate at the rate of 
0’05"0-40 11). /cu. ft. This is e<juivalent to 726-5,808 Ib./ac. at 4 ins. dee]) (80-650 gm./ 
s(|. rn.). 


LEPIDOPTERA. 

Crambidae. 

Htirrett and Arnott (1932) treated golf greens damaged by these insects with 
lead arsenate at 2J-3 lb. per 1,000 sq. ft. (12-15 gm./sq. m.) in June. The treated 
greens were in good condition in July, whereas the controls were badly damaged. A 
second treatment of 41b./ 1,(X)0 s(j.ft, (20 gm./sq. m.) controlled an outbreak caused 
by the second brood in September. The treated greens, however, received large 
quantities of water, and this may have been partly responsible for the difference. 

North and Thompson (1933) used a spray at 2 lb./20 U.S. gals./l,000 sq .ft. (10 gm./ 
sq. ra.). This reduced the damage by the web- worms from 86 units in the controls 
to 24 in the treated plots. Jewett (1939) treated 20 sq. ft. with | U.S. gal. of a 
spray at about the same strength and obtained a mortality of about 90% of caged 
larvae in three successive seasons. Bohart (1940) also obtained kills approaching 
100% of Cramhm bonifatelltis^ Hulst, and (J. sperryeUvs^ Klots, in California with a 
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spray of 5 lb./50 U.fS. gals, per 1,000 sq. ft. (25 gm./sq. m.). Noble (1932), however, 
founda lead arsenate suspension of 2 lb./50 U.8. gals. {4-7 gm./l.) applied at 2U.S. qt./ 
sq. yd. (1 gm./sq. m.) was inefteetive, as was also an undiluted dust at 12 oz./l,000 
sq. ft. (4 gm./sq. m.). 

Noctuidae. 

Hawley (1918) found a mi.Kture of lead arsenate (I [)art) and sulphur (4 parts) 
at the rate of one handful per hill was ineffective in controlling the hop borer 
{liydroecia immanis, Gn.). A lead arsenate s{>ray (5 lb./50 U.S. gals.) applied at 1 U.S. 
pint per hill was also ineffective. 


OOlJfiOPrEJiA. 

Scarabacidae. 

Leefrnans (1915) appears to have been one of the earliest users of lead arsenate 
for soil insects. He used a i% suspension watered on the soil to control the cassava 
grubs {Ltucopholis rorida, F., and Lapidiota dignut, F.) with inconclusive results. 

Leach (1926) in small pot e.xi)erimcnts, and lat(T on plots, found that all Japanese 
beetle larvae {Popillia japonira, Nowm.) were killed in soil treated with 1,500 Ib./ac. 
(168 gm./sq. m.). This dose was toleiated by some plants. The same rate was 
recommended by Leach and Lipp (1927) for grub- proofing soil against this insect 
in the preparation of lawns, 'f hey claimed the treatnuMit was eflectivc for five years. 
In certain areas of America this has Ixs onu' a routine treatment to prevent infesta- 
tion by the Ja[)anesi! beetle and similar species (L. H. Smith 1929). Fleming and 
Baker (1930) recommctided a similar rate (35 lb. /1, 000 sq. ft. or 175 gm./sq. m.) to 
destroy the larvae in potting soil and plant beds ami stated that it was not effective 
for some time aftei' t reatme?Tt and was best applied when the eggs were hatching. 
This measure is recognised by tlu^ L’.8. (luarantine authorities, who specify that 
for plant beds the arsenate must be thoroughly mi.xed with the top 3 inches (7'5 cm.) 
of soil and a})plied before 1st August and not planted till 1st October (U.S. Depart- 
ment of Agriculture, 1939 5). 

Metzger (1933) obtaiiu'd a satisfactory control of Ja|)anese beetle larvae in rose 
greenhouses by incorporating lead ars('nate at the rate of 1,000-3,000 lb.; acre 
(112-336 gm./sq. m.) with the top 6 ins. (15 cm.) of soil. 

Hallock (1930, 1932) found lead arsenate at about 35 lb./l,000 sq. ft. (175 gm./ 
sq. rn.) bulked with dry soil and broadcast on the surface, and afterwards thoroughly 
disced in, effectively prevented iniestation of new lawns by the Asiatic garden 
beetle {Aiitoserica caManea, Arr.). To control infestations on old lawns, he (1932) 
recommended 15 lb. arsenate per 1,000 s(i. ft. (75 gm./sq. m.). Strong (1931) and 
Fleming (1936) described the use of high-pi'cssure i)ower sprayers for applying the 
lead arsenate and recommended respectively 1 lb. /U.S. gal. at 500 lb. lead arsenate/ac. 
(56 gm./s(i. m.) and I lb./2 U.S. gals, at 10 Ib./LOOO sq. ft. (50 gm./sq. m.) 
for the control of Jajuinese . beetle. Aft(‘rwards the turf should be well washed 
down with water. For large areas where this method was impracticable, ileming 
(1936) applied a mixture of lead arsenate and activateil sludge or sand (in the ratio 
of 1 : 4) with a manure distributor. 

Hartzel and Wilcoxon (1939) obtained a very small immediate kill of Japanese 
beetle larvae with a dry application of 10 Ib./LOfM) sq. ft. (50 gm./sq. m.), but there 
was a 72% reduction in grubs th(> following season. On the other hand Langford 
('I al. (1939) found that standard lead arsenate applied at this rate in June resulted 
in an average of L26 larvae/sq. ft. in August and September compared with 12’6 in 
the control plots. A colloidal lead arsenate applied at 0-66 lb. /1, 000 sq. ft. (3 gm./ 
sq. m.), according to the manufacturers’ recommendations, had no effect. 

For various species of white grubs {Ltichnosterna sp.) in lawns, Filinger (1931 u) 
and Neiswander (1935, 1936, 1938) applied lead arsenate at 5 lb. /1, 000 sq. ft. (25 gm./ 
sq. m.). Neiswander recorded a total reduction of 40*5% of grubs, including 66% 
first-year grubs (1935) and 77% of newly hatched grubs (1936). On the other 
hand, Hermans (1932) found this rate unsuccessful against May grubs {Melolontha 
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sp. ). Hfimmond (1940) for the control of Lach?mkrna .sp. in Canada reconiinended 
10 lb./l,000 sq. ft. (50 gm./sq. in.) thoroughly raked into the surface after the old sod 
had been ploughed in. For the control of the New Zealand grass grub {Odontria 
zealandica, White) in New Zealand, Cottier (1932) has recommended lead arsenat(5 
at 2 Ib./lOO sq. ft. (100 gm./sq. m.) and Dumbleton (1041) 1 Ib./lOO sq. ft. (50 gm./ 

sq. m.). Johnson (1939) obtained excellent results in the control of the Dynastid, 
Gyclocephah borealifi, Arr., on lawns with an application of 3 Ib./lOO sq. ft. (150 gm./ 
sq. m.) in the autumn. Nichol (1935) estimated 55% mortality of the fig beetle 
{Cotinis texana, Casey) in Arizona with 1 lb. of lead arsenate lightly raked into tlu^ 
surface of an area 20 ft. square (12 gm./sip m.), Sawa (1936) found that all larva(' 
of Anomala rufocujma^ Motsch., were killed in soil containing 0-4% lead arsenate 
within four days. Older larvae were more resistant, but were all killed in 22 days 
in soil mixed with 0-8 %. 

Kerr (1940) has described a method of preventing white grub {Lachnosterm sj).) 
attack on strawberries by ap|)lying 1| oz. (42 gm.) of a mixture of lead arsenate 
and sand (1/10-1/50) in a hole before setting out plants. Fleming (1942) ado})ted 
lead arsenate as a standard soil in.secticide with which to compare the toxicity of 
other substances to Popillia jajmnica, Newm., larvae. At 1,000-2,000 Ib./ac. 
(112-224 gm./sq. m.) very high kills were obtained, and its toxicity was maintained 
for about a year. 

Elateridae. 

Woodworth (1938) showed that wireworms were unable to take any but tin; 
very smallest particles into the gut, and that therefore they were unaffected by lead 
arsenate even when they ate corn-starch pellets containing it. Fhey also survived 
immersion in a saturated arsenate solution for a week. 

Curculionidae. 

F. F, Smith (1927) stated that 0*5-16 oz. lead arsenate per bushel of soil appar- 
ently prevented the? development of all grubs of Otiorrhynchus sulcattLS, F., and had 
no detrimental effect on primulas and cyclamens. Later (1932) he recommended 
1-2 oz. per bushel (8-16 gm./cu. m.). McDaniel (1932) recovered 275 beetles and 
pupae of the strawberry root weevil {Otiorrhynchus ovatus, F.) attacking conifer 
seedlings on plots treated with 5 lb. lead arsenate/LOOO sq. ft. (20 gm./sq. m.), 
compared with 503 beetles and pupae on the control plots. 

Cerambycidae. 

ft was found (New Mexico 1935) that 1*7 U.8. gals./cu. ft. of a suspension of 
3 ib./U.8. gals, was ineffective in the control of larvae of Prionus californicus, Motsch. 

DIPTEEA. 

Tipulidae. 

Dawson (1932) recorded an experiment in which the })opulation of leather jackets 
{Tipula sp.) in a golf green had apparently dropped from 330/sq. yd. in November 
to 13/sq. yd. in January after treatment with lead arsenate at 5 Ib./lOOO sq. ft. 
(25 gm./sq. m.). Dawson and Ferro (1936) recommended oz. of powdered lead 
arsenate/sq. yd. (17-68 gm./sq. m.) or 1-1| pints of colloidal ar8enate/25 sq. yd. 
(43-65 gm./sq. m.). This latter treatment gave 70768 % kill at various centres. 

Bibionidae. 

Edwards (1941) obtained 99*6-99% kill of larvae of the fever fly, Dilophus 
febrilis, L., in lawns with powdered lead arsenate distributed evenly at 1 J oz./sq. yd. 
(50 gm./sq. m.), and watered into the soil. 

MYRICPODA. 

Michelbacher (1932) found lead arsenate broadcast over small plots at 300 lb./ 
acre (34 gm./sq. m.) inefifective for the control of the glasshouse Symphylid, Scuti- 
gerella immaculata, Newp. 
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Summary. 

J^or the control ot Crarnbid larvae, rates ranging IVoni 10-25 gm,/s<{. in. have 
been used successfully. For the control of Scarabaeid larvae (Jaiianesc beetle, 
Asiatic beetle, white grubs, etc.) about 170 gm./sq. m. is recommended for grub- 
proofing new lawns. This treatment is, however, expensive and is at best only a 
delaying measure (U.S. Dep. Agric. 1935). For the treatment of older lawns that 
have become infested, 50 gm./sq. m. was recommended and frequently gave high 
kills. Rates of 26-100 gm./sq. m. have been used in the control of various insects. 
Lead arsenate has rarely been used, and would not appear to be suitable, for the 
control of wireworms. 

Naphthalene (CioHg). 

Crystalline. 

Although naphthalene is wkhily used as a soil fumigant and forms the basis 
ol many proprietary preparations, comparatively few critical experiments have 
been performed to test it. As a by-pro(luct of the distillation of coal, it is easily 
obtained in large quantities, and it has the advantages of being easy to handle and 
non-toxic to human beings. Naphthalene is used in various forms according to 
the degree of refinement. Mixed residues of distillates containing a high proportion 
of phenol are often referred to as crude naphthalene or drained creosote; salts and 
may be variously coloured. The purer forms, Crade lb and whiziiod naphthalene, 
can easily be crystallised out (Miles 1929). 

Estimation. 

Fleming and Baker (1934) have jircqiared a summary of the use of naphthalene 
as a soil insecticide espcaually for the Jatiaiuvsc; beetle, and tliey give details of its 
estimation in the soil. They found the pr(H*i[)itation of naphthalene picrate in the 
presence of excess picric acid unreliable and slow, and recommended the method 
of Calcott et al. (1924). This depends on the fact that sulphonated naphlhalene 
is oxidised practically quantitativ(4y to sulphothalic acid by means of vanadic acid 
in 70% sulphuric acid. The (piantity of vanadic acid reacting with the naphthalene 
can be determined from the quantity of standard potassium ])ermanganate recpiired 
to reoxidise the reduced vanadic acid. Tn the presence of hot concentrated sulphuric 
acid, naphthalene reduces vanadic acid to the blue divanadyl salt according to the 
following equations : 

ISHgVO^+lSHaSO.+C^Hs -.9V.,02(SOJ2+C«H,(COOH)2 f 2C02f46H20, 

5V2Oa(SO4)2+2KMnO4+22l£2O-10H3VO4f 2Mn804-f2KHS04-f6H2S04. 
i.e.,5 molecules Naphthalene=18 molecules KMn 04 . 

For complete sulphonation the presence of concentrated sulphuric acid is necessary, 
and in order that the concentration should not bo diluted with any water present 
in the naphthalene, oleum (fuming sulphuric acid) is used. The oxidising temperature 
should be at least 130° C. 

For the determination of naphthalene in the soil, the soil sample is placed in a 
500 cc. Erlenmeyer flask and heated in a water batli to 212° F. A stream of air 
is passed through the soil for 18 hours and carries the na])hthaleno vapour over to 
an absorbing tower 5 ft. long, where it is absorbed in concentrated sulphuric acid 
at 320° F. The tower is then washed out, and the washings and the amount already 
passed through are made up to a fixed quantity. Aliquot parts are then taken and 
analysed as described. With 60 mg. iiaplithalene added to soil the results obtained 
by this method only varied between 48 and 52-2 mg. 

Effect on Soil Micro-organisms. 

Tattersfield (1928) found that once soil had been treated with naphthalene, 
subsequent treatments resulted in the naphthalene disappearing more quickly. 
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He showed that its decomposition was largely due to the presence of bacteria, which 
increased in numbers after the first treatment. In organic soils which were rich 
in these bacteria, naphthalene disappeared more quickly than in soils poor in organic 
matter. This fact was also noted by Fleming and Baker (1934), but they did not 
entirely confirm the effect of re-treatment. Making daily analyses, they found 
that naphthalene of the first treatment disappeared in six days, of the second 
treatment in four days, and of the third treatment in 16 days. 

Effect on Plants. 

Although plants cannot be grown in soil containing naphthalene in insecticidal 
quantities, it is considerably less phytocidal than many other soil fumigants. Fh'ining 
and Baker (1934) found even without aeration of treated soil no effect on plants 
could be discerned one month after treatment. 

Experiments in Air. 

Tattersfield and Roberts (1920): of uncertain toxicity. 

Fleming (1925) : minimum lethal dose in air 8 mg./l. ; in water 50 mg./l. 
Thalenhorst (1937) found 81 mg./l. for 288 hrs. necessary to kill third-instar 
larvae of the cockchafer {Melolonthu hippocastani^ F.). 

Experiments in Soil. 

DERMAPTERA. 

Hteinweden (1934) found 1 oz. (28 gm.) naphthalene Hakes ])er ball for 48-96 hrs. 
did not kill earwigs {Forficula auricularia, L.) in balled nursery stock. 


THYSANOPTERA. 

Richardson and Nelson (1933) found one or two a])plications of naphthaleiu! 
to the soil just after’ })lanting gladiolus corms at 2 oz. (56 gm.) per 50 corras was 
not effective in controlling the gladiolus thri[)s {Taeniothrips gladioli, ]\llt. & Stnw.). 
It also retarded the growth of the plants. 

IIEMIPTERA. 

(Joccidae. 

Hosni and Shafik (1935) obtained 99-100% kill of Pseudococrus brevipts, (Ikll., 
on the roots of Phoenix s|), by the application of 2-10 gnr. naphthalene per pot to 
the soil just before repotting. 

Aphidae. 

Theobald (1925) recommended naphthalene to destroy infestations of the French 
bean root aphis {Geoica phaseoli, Pass.) and lettuce root aphis [Pemphigus bursarius, 
L.) after the plants had been removed. 

LBPIDOPTERA. 

Hepialidae. 

Wilson (1934) recommended naphthalene at 1-2 oz./sq. yd. (34-68 gm./sq. m.) 
for th(? control of swift moth larvae [Hepialus lupulinus, L.) attacking irises. Accord- 
ing to an anonymous publication (Ministry of Agriculture, 1933) such larvae are 
])articularly susceptible to naphthalene. 

Aegeriidae. 

Blakeslee (1919) stated that naphthalene did not vaporise sufficiently quickly 
to be effective in peach tree borer [Aegeria exitiosa, Say) control. Peterson (1923 a) 
and Snapp (1932) confirmed its ineffectiveness, Peterson obtaining only 3% kill 
with I oz. (14 gm.) per tree. On the other hand, Stear (1933), using J, 1 and 2 oz. 



67 


(14, 28 and 56 gm.) per tree, heaped against the bases of the trees and not covered, 
found only one larva on nine treated tn^es, compared with 17 larvae on four untreated 
trees. In both cases eggs liad been previously plaecnl on tlie trees to ensure 
infestation, but there was a heavy natural mortality. The trunks of the trees were 
scorched, especially when naphthalene was applied directly to them. 

Noctuidae. 

Stear (1933) treated Kentucky blue grass lawns with refined naphthalene at 
200, 400 and 000 Ib./ac. (22, 45 and 07 gm./s(p m.). The day after ap]>li('atioii, 
vials containing cutworms (and also wireworms) wcac; laid on the ground at the 
base of the grasses for three hours ; later all the larvae wert* dead on the 000 Ib./ae, 
plot and 06% dead on the 200-lb. })lots. There was no injury to the grass, but white 
clover was killed. 

OOLEOPTERA. 

Scarabaeidae. 

MelolonUia mehlontfia, L. (Cockchafer). 

Decoppet (1920) at 200 gni./sq. m., Marie (1920) at 30 gm./sq. m. and Theobald 
(1927) up to 6 cwt./ac. (70 gm./sq. m.) found naphthalene inefi'eel ive for the control 
of the larvae of this beetle. On the other hand, Cuyot (1920) stated that it, was very 
efiectivc at 30 gm./sq. m., and Thompson (1934) obtained a satisfactory control 
at 5-0 cwt./ac. (03-70 gm./sq. m.) after tli(^ naphthalene had been worked in or 
washed in by rain. After ploughing out grassland, even 3 ewt./ae. (38 gm./s(p m.) 
gave good control under favourable conditions. (The garden chafer, Phyllopertha 
liorticola, L., was also present in these experiments.) 

Phyllopertha horticola, L. (Garden ( ■hafer). 

Walton (1935) was able to reduce a grassland po|)nlation of om^ million to the 
acre in October to 174,(KX)/ac. in November and 0,500/ac. in May wit h a top dressing 
of 2 cwt. crude naphthalene/ac. (25 gm./s(i. m.). Beinu'tt (1949) recorded kills of 
12, 45 and 00% res})ectivcly on grass [)lots artificially infestetl with these larvae 
with whizzed naphthalene at 2, 4 and 8 cwt./ac. (25, 50 and 101 gm./sq. m.). 

Other 8carabaeid Larvae. 

TV) disinfest potting soil for quarantine ])urposes the C.S. Department ol Agri- 
culture (1929 and 1939 b) .sj)ecify 5 lb. of flake naphthalene/cu. yd. (3,900 gm./cu. m.) 
for the control of larvae of Popillia japonicxi, Newni., Armnala orienlnlis, Waterh., 
and Aserica castanea, Arr. The temperature should not fall below fiO"^ F . and the 
soil should not be wet. The fumigant should be- thoroughly mixed with the soil 
and left undisturbed for one week. For plant beds (1934 and 1939 5) naphthalene 
should be applied at 2,000 Ib./ac. (224 gm./sq. m.) incorporated in the top 3 ins. 
(7-5 cm.). This method had previously been advoeated by Fleming and Baker 
(1930). 

Cottier (1932) found that naphthalene at 3-4 oz./sq. yd. (102-136 gm./sq. m.) 
worked into the top 3 ins. (7-5 cm.) of soil gave satisfactory control of the New 
Zealand grass grub {Odontria zealandicay White). Muggeridge (1934), however, 
stated that naphthalene was ineffective for this insect, and plants placed in the soil 
treated with more than 3 oz./sq. yd. (102 gm./sq. m.) were liable to injury. 

Elateridae. 

Tattersfield (1928) drew attention to the repellent action of naphthalene on wire- 
worms, which caused the insects to move away from treated soil before a lethal 
concentration was attained. This effect must complicate the interpretation of 
experiments in which the result is recorded solely in terms of the crop, though even 
direct sampling methods which determine the numbers of the insects may be 
misleading if the wireworms go down below the normal sampling level. 
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Gray and Wheldon (1919) .stated that naphthalene up to 5 cwt./ac. (03 gm./ 
sq. m.) did not even appreciably reduce the numbers of wire worms in a field experi- 
ment. Marlatt (1933) mentioned experiments carried out in the Pacific North 
West in which 85-05% kills of wireworms in test plots were obtained with naphthalene 
at 800 Ib./ac. (90 gm./sq. m.) mixed with the top 10 ins, (25 cm.) of soil. Glen 
et al. (1936) obtained 95% kill of wireworms with 700-750 Ib./ac. (78-84 gm./sq. m.) 
evenly distributed along the plough furrows and worked in. Strong (1936) recorded 
kills of 95-99% with crude naphthalene at this rate and also (1937) 92% kill of 
wireworms {PMeies calif orniais, Mannh., and P. canus, Lee.) attacking onions. 
Morrill and Lacroix (1938), after treating soil with flake naphthalene at 800 Ib./ae. 
(90 gm./sq. m.) and setting out tobacco plants in it afterwards, found 0-47 wireworms/ 
cu. ft. in the treated soil and 1-65 wireworms/cu. ft. in the untreated soil. All these 
workers stressed the advisability of the soil temperature being at least 70° F. 
Hawkins (1936) obtained inconclusive results in field tests up to 600 Ib./ac. (67 gm./ 
scj. m.), as numbers of wireworms in the untreated plots decreased as much as those 
in the treated plots. 

In Australia, Jarvis (1925 a) stated that crude naphthalene at 3 cwt./ac. (38 gm,/ 
sq. m.) was quite effective again.st wireworms in sugar-cane, but McDougall (1934) 
found two applications of 600 or 800 Ib./ac. (67 and 90 gm./sq, m.), one applietl 
to the soil surrounding the sets at planting time, and the other at the time the sets 
were becoming attractive to the wireworrn, did not prevent attack by the wireworra, 
Lacon variabilis, Cand. Ladell (1938), in a field experiment, obtained a 60% reduction 
of wireworms {Agriotes .sp.) with 10 cwt. of whizzed naphthalene/ae. (126 gm./sq. m.) 
applied in April. Gough (1942), however, under practically the same conditions, 
except that the fumigant was applied in February, obtained no reduction with 
15 cwt./ac. (189 gm./sq. m.). In pot experiments of six-days’ exposure he found 
a rate of 25-30 cwt./ac. (315-378 gm./sq. m.) necessary to give high kills (80-100%) 
with pure naphthalene ; whizzed naphthalene at the same rate only gave 45% kill. 
Miles and Cohen (1938) found crude naphthalene at 3 cwt./ac. (38 gm./sq. m.) applied 
to i)otato plots before ridging up had no appreciable effect on the amount of wire- 
worm injury, nor was any injury to the plants by the naphthalene noticed up to 
6 cwt./ac, (76 gm./sq. rn.). Later (1939) they reported that a naphthalene-fuller’s 
earth mixture at 3 cwt./ac. was also ineffective, but added to mustard dross {q. v.) 
and applied at 1 ton/ac. (20 gm. naphthalene/sq. m.) it was more effective than the 
mustard dross alone. 

Massee (1940) was able to control Agriotes linealm^ L., attacking roots of ho])s by 
lightly forking crude commercial naphthalene at 4 cwt./ac. (50 gm./sq. m.) around 
the hills. 

Curcuhonidae. 

Isaac (1923) was unable to control the turnip gall weevil {Ceuthorrhynchus 
pleurostigma, Marsh.) on spring cabbages with naphthalene diluted with nine times 
its weight of neutral powder at 5 Ib./rod (8 gm./sq. m,), ’this measure was probably 
intended to act as a deterrent to the ovipositing adults rather than as a soil fumigant. 
Anderson (1929) recommended that crude flake naphthalene should be well mixed 
with soil at 1 lb,/20 sq. ft. (243 gm./sq. m.) to prevent injury to primulas from vine 
weevil grubs {Otiorrhynchus sulcahis, f\). F. F. Smith (1932) found it ineffective, 
but the soil was treated 30 days before the larvae were introduced, and the chemical 
may have vaporised, Hardouin (1931 ) also advised the mixing of powdered nai)htha- 
lene with potting soil before potting cyclamens and primulas to prevent attack by 
Otiorrhynchus rugosostriatus, Goeze. 

Ceram by cidae. 

Chamberlin (1925) stated that crude naphthalene at 8-16 oz. (227-454 gm.) 
per plant had little effect on the gooseberry root borer [Xyherius agassizii, Lee.) 
and destroyed the bushes. 
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Oyptophagidao. 

KdwardH and Tlioinpson (1934) found that iioitlior whizz(‘d naphthalono nor 
drained creosote salts, both at 3 cwt./ac. {38gin./!^9- broadcast and ploughed in, 
to control the pigmy mangold beetle {Akmaria linmns, Stepii.) had any signiticant 
etfect on the crop yield com[)ared with the control. 

DIPTERA. 

Tipulidae. 

Hodson and Beaumont (1921)) obtaineil 95% control of leather] ackets {Tipaki 
oUracm, L., and Tipula palndom, Mg.) on cereals in spring with naphthalene at 
2 cwt./ac. (25 gni./sq. in.). On strawberries the treatment was not successful. 
Dawson (1932) found crude and whizzed najihthalene a])|)li(Ml to lawns at 2-3 oz./ 
scp yd. (68-102 gm./s(p m.) and watered in brought leather] ackcts {TipuUi s|).) 
to tile surface, wher(5 they could be swept iq). The results of the treatment were, 
however, somewhat variable. 

Cecidomyiidac. 

Barnes and Theobald (1927) suggested naiihthalene at 4 oz./sip yd. (136 gm./ 
sq. m.) to destroy pupae of Dcmjneura arahis, Barnes, hibernating in the soil. 
It was stated in an anonymous [aiper (New York 1937) that crude naphthaleiuj 
applied to the soil under pear trees was inelfective in the control of jiupae of th(‘ 
pear midge {Contarinia pyrivora, Rib), although previously (New York, 1934) it was 
referred to as promising. 

Chironomidae (?). 

Fulton (1933) found naphthalene the most effective of several remedies tricul 
for the control of midge larvae in tobacco seed beds. At U Ib./lOOsq. yd. (72 gm./ 
sq. m.) satisfactory control was obtained in the field and ])lants were unin]ured. 

Psilidae. 

K. M. Smith and Wadsworth (1921) found live applications of 1 oz./sq. yd. of 
equal proportions of naphthalene and soap powder (17 gm. naphthalene/sq. m.) 
to carrots resulted in 71% carrots free from in]ury by Psih rome^ F., whereas all 
the control plants were attacked. The effect was probably repellent to the fly 
rather than lethal to the larvae. Glasgow (1931) also found naphthalene effective 
for this purpose, and recommended four to six applications of 400 Ib./ac. (45 grn./sq. m. ) 
at weekly intervals. He found crude naphthalene more effective than refined. 
8ix applications resulted in 98% carrots free from attack. 


Anthomyiidae. 

The use of naphthalene here again is probably largely as a deterrent to the adult 
hies, though it may also have some ovicidil or larvicidal action. 

Hylemyia brassicae, Bch. (Cabbage Root Maggot). 

Slingerland (1894) referred to the use of naphthalene for controUing this insecd. 
Although it killed the maggots, the plants were iiqured. Britton and Lo\^y (1916), 
using naphthalene in the form of moth balls, only reduced the percentage oi cabbi^es 
attacked from 23'3% in the controls to 17*5% in plants treated with one moth ball 
per plant. Brittain (1923) recorded crude naphthalene as giving promising results 
in the control of this pest. Krasnyuk (1931), with five to six applications of 0-8 gm./ 
plant at 7-8-day intervals, reduced the percentage infestation from 14-1 in the 
controls to 2*5 in treated plants. Edwards (1932), using drained creosote ^ 
at i oz. (7 gm.) per plant at 7-10-day intervals, reduced the attack by 3b % 
Goffart (1932 and 1933) also obtained successful results with two apphcations of 
40 and 20 gm./sq. m., with an interval of 10 days between them. 
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For the onion Hy {liykmyia antiqm, K, M, Sniitli and Wadsworth (1921), 
using naphthalene and soap powder as described for the carrot fly, obtained increased 
yields of onions over the control. 

Trypetidae. 

Wiesmann (19114) obtained only 20-40% mortality of cherry fly pupae (Ehagoktis 
cerasi, L.) with two applications to the surface of the ground at 100 gm./sq. m. 
To the larvae, how^ever, IHO gm./sq. m. was toxic for nine days after treatment. 
Thiem (1934) also found pure naphthalene at 490 gm./sq. m. and crude naphthalene 
at 70 gm./sq. rn. ineffective in controlling the pupae. 


HYMBNOPTEEA. 

Formicidae. 

Walker and Anderson (1937) found na|»hthalene flakes gave promise in tin* 
control of the pavement ant {Tctramorium ampituni, L.) attacking egg-plants, 
but retarded the growth of the plants if placed too near the roots. 


ISOPODA. 

Speyer and Owen (1924) found naphthalene at 1/195 in 250 gm. of soil killed 
cucumber house woodlice {Armadillidium, speyeri, Jackson) up to one day after 
treatment, but all toxic effect had disappeared after four days, 

MYRIOPODA, 

In an anonymous publication (Pennsylvania 1925) it was recorded that a soot- 
naphthalene-.sand mixture at 150 lb. soot and na[)hthaleuo/ac. (17 gm./sq. ni.) 
worked into the soil before sowing lettuce in cold frames had effectively prevented 
attack by millepedes. MacLeod and Butcher (1934) were unable to obtain satis- 
factory control of the mill- pedc, Cylindroiulus londinemu comdeocinctm, Wood, 
attacking potato tubers, with naphthalene at 3(X)-000 Ib./ac. (34-B7 gm./stp m.) 
worked into the soil before planting. Speyer (1934) obtained com])lete mortality 
of the millepede, Blaniukis guttulahi<s, Bose, in soils of tomato houses and chrysan- 
themum pots when naphthalene was incorporated at the rate of one part to five- 
hundred paits of soil. Millepedes introduced four days after treatment were 
unaffected. Broadcast on the surface at 4 oz,/sq. yd. (13() gm./sq. m.) and watered 
in, it killed all millepedes to a depth of 3 ins. (7*5 cm.) in nine days, but only 50% 
of tho.se from 3 -5 ins, (7*5--12'5 cm.) deep. A larger amount, 6 -8 oz./sq. yd, 
(204-272 gm./sq. m.) was therefore recommended. Orchard (1937) for this millepede, 
and also for Orthoniorpha gracilis, Koch, attacking cucumber roots, found that 
naphthalene apjdied to beds as a fine dust and watered in gave promising results. 

Scutigerella immaculata, New}). (Glasshouse 8ymphylid). 

In an anonymous publication (Oregon 1928) it was found that crude Jiaphthalene 
at I lb. /LOGO sq. ft. (2*5 gm./sq. m.) gave no control of the Synipliylid. Kearns 
and Walton (1933) also found “ liberal applications ” of naphthalen(' ineffective. 
Michelbacher (1932) obtained an average of 79% kill in small plots with naphthalene 
at 1,200 Ib./ac. (134 gm./sq. m.), though there was considerable variation between 
replicate tests. 


ACARINA. 

Massee (1934) used naphthalene successfully to reduce the infestation of red 
spider {Tetranychus telarius, L.) on hops with applications of 3-4 cwt./ac. to the 
soil where they were hibernating in colonies round the hills. 
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MISCELLANEOUS. 

I'heobald (1923) and many standard textbooks and advisory leaflets recommend 
naphthalene at 3 cwt./ac. (38 gm./sq. m.) for the control of various soil pests such 
as leather] ackets (Tipulids), cutworms (Noctuids), chafer grubs (Melolonthids), 
Avireworms (Elaterids), and millepedes (Myriopods). 

Summary. 

In common with most soil fumigants, naphthalene has given somewhat incon- 
sistent results. It is admittedly liable to be a rather variable })rodiKfl, but it is 
doubtful if this is the whole explanation. Soil temperature is possibly an important 
factor, and also the fact that naphthalene has a strong repellent action even at low 
(‘oncentrations. This probably often results in the ajjparent (lisappearanc(^ of tin* 
pest without actually killing it. Raters of a[)plieation range between 30 and 400 gin./ 
sq. m., but about 100 gm./sq. m. has often given satisfactory results. 

Naphthalene, applied in a Liquid Medium. 

Emulsions of oil solutions of na|)hthalene were first tested as contact sprays 
(Richards 1915), and later they were developed as soil insecticides as a (M)n\ enient 
method of applying naphthalene to the soil in a finely divided, and presumably, 
therefore, a more otfeetive state. 

Krauss (1931) made a solution of 1 kg. naphthalene in 3 litres carbon disulphide 
miscible with water by adding a litre of oil-soap spirit. Used in water at a dilution 
of 1 % and at 4 litres/sq. m. (8 grn. naphthalene/scp m.), 38 out of 40 larvae of Agroti^ 
mgetum, L., were kill('d in a pot experiment. The same strength killed vine weevil 
larvae {Otiorrhynckus sulcatus, F.) without <lamaging the plants on which they were 
feeding (cyclamens and primulas), whereas a 1% solution of carbon disulphide was 
ineffective and also damaged the plants. For wireworms 2 and 3% solutions at 
5 l./sq. m. were found necessary. After dilution, some of the na])hthalene was 
liable to crystallise out. Miles and (^ohen (1939) tested a similar mixture emulsified 
with Turkey rod oil (sulphonated castor oil) on wireworms {Agriotes sp.) using up 
to 8 fl. oz. of carbon disulphide and 8 gm. of naphthalene/s<i. yd. (12 gm. and 
10 gm./sq. m. respectively). Applying 1 gal./sq. yd. of the diluted emulsion, they 
reported negative results. All wireworms were killed within six days with emul- 
sions containing 16 and 32 oz. of carbon disulphide (10 and 20%) and 16 and 32 gm. 
naphthalene/sq. yd. (24-48 and 19-38 gm./sq. m. respectively). Gough (1942) 
also reported that such mixtures gave improved results both in enhanced toxicity 
and increased period of effectiveness, compared with pure carbon disulphide 
emulsion. 

Pepper (1937) obtained high kills (83 and 89%) of wireworms attacking brassicas 
with I gm. naphthalene dissolved in J fl. oz. (4 cc.) carbon disulphide diluted to 
1 U.S. pint, which was the amount applied to each plant. A carbon disulphide 
emulsion alone containing | fl. oz. (8 cc.) gave only 7% kill. Snapp (1932) emulsified 
a solution of naphthalene in cotton-seed oil. Used as a spray around the base of 
peach trees, it was ineffective as a remedy for peach tree borer {Aegeria exitiosay 
Say). 

‘ Hammer (1934) used a saturated solution of naphthalene in kerosene, emulsified 
with finely divided clay and diluted to 25-50% kerosene at 1 U.S. qt./sq. ft., to 
destroy apple maggots [Rhagoletis pomonella, Walsh) pupating in the soil. He 
obtained 97*3-100% kills, although a 10% solution of kerosene alone gave 95*7% 
kill. 

Burns (1926) and Jarvis and Burns (1926) described experiments to control 
the sugar-cane grub [Dermolepida albohirtuniy Waterh.) with a saturated solution 
of naphthalene in benzene, applying four injections ])er stool each of J fl. oz. 
Burns stated that the results were promising, though Jarvis and Burns only obtained 
a 16*6% reduction compared with the controls, only a slightly better result than t hat 
obtained with benzene alone, 



62 


SUMMABY. 

These mixtures must be regarded as a very promising line of investigation in 
research on soil insecticides, though, like all liquids, they can only have a very limited 
application. 

Sodium Cyanide (NaCN). 

Crystalline. 

When sodium cyanide reacts with water or acids, hydrogen cyanide gas is given 
off according to this equation : — NaCN^-H^O^HCN^-NaOK. Cyanides are highly 
poisonous, both to human beings and stocfk, and should be handled carefully. If 
it is necessary to handle it indoors a respirator should be worn. 

Application. 

The sodium salt is more frequently used in solution than the calcium one. It 
has principally only been used on an experimental scale, applied broadcast, and 
dug, ploughed or harrowed in. Davis (1920/;; see under Scarabaeidae) has 
described a method of distributing it in solution over large areas. 

Toxicity to Plants. 

Cyanides are highly toxic to plant life, but this effect disappears after a certain 
period which will depend on the circumstances. The minimum and maximum 
times found for this disappearance are 7 and 42 days. 

Experiments in Air. 

Melandcr (1024) found that .sodium cyanide generated the toxic gas very slowly, 
and when the gas was allowed to pass through a jar of soil it took half a day to kill 
the test insects (bean weevils), compared with 28 minutes for calcium cyanide. 
Fleming (1925): minimum lethal dose in air 8 mg./l. ; in water 150 mg./l. 

Experiments in Soil. 

ORTHOPTERA. 

Gryllidae. 

Watson (1925) found 1 oz. of cyanide in 2 U.S. gals, water (3*7 gm./l.) was an 
effective and cheap remedy for various species of mole-crickets attacking vegetable 
crops. Doucette and Smith (1926) obtaimMl complete mortality of the Surinam 
cockroach {PycMoscdus surinamensis^ L.) in a pot experiment, using a solution of 
0-1 gm. cyanide in 100 cc. water applied to 400 gm. soil. 1-2-5 gm. at the roots 
of roses usually gave kills between 90 and 100%. 

ISOPTERA. 

Pomeroy (1927) stated that after nests of termites had been destroyed over a 
large area in the Gold Coast, the land was ploughed and successfully disinfested 
with sodium cyanide at 160 lb./12,000 gals, water/ac. (18 gm./sq. m.). This rate 
was also recommended by McDaniel (1934) for the control of termites in Michigan. 

HEMIPTERA. 

Coccidae. 

Pickel (1928) controlled various Coccids on roots of coffee bushes by watering 
the roots with a 0-3% solution of sodium cyanide, using 9 litres per bush. 

Aphidae. 

Leach (1918) was unable to kill woolly apple aphis {Eriosoma lanigerum, Hsm.) 
at lower soil depths with a solution of | oz. of cyanide/4 XT.vS. gals. (0-9 gm./l.). 
Greater amounts than this killed the apple trees. 
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LBPIDOPTERA. 

Aegeriidae. 

Peterson (1920) obtained 75-!)()% kill of the peach tree borer {Aegeria exitiosa, 
8ay) by the application of 1 oz. of granular sodium cyanide (or a solution of 1 oz./ 
U.S. gal.) 2 ins. (.5 cm.) deep round the base of the peach trees and covered with a 
mound of soil. 

Crambidae. 

Noble (1932) found 1 oz./5 U.S. gals. (1*5 gm./l.) applied to turf at the rate 
of 2J U.S. gals./sq. yd. (17 gm./sq. m.) was ineffective in controlling sod wehworms. 

COLEOPTERA. 

Scarabaeidae. 

Davis (1920 b) stated that sodium cyanide applied dry was not in general so 
effective as the same amount applied in solution. For the treatment of large areas 
In’! described the use of OOO-gallon tanks mounted on heavy wagon frames and 
drawn by a tractor. The tanks were fitted with perforated pipes through which the 
solution flowed by gravity. For economical operation he advised three tanks 
and two tractors. This avoided delay while the tanks were being filled. This 
outfit could cover three acres in a day, applying 165 lb. in 12,000 U.S. gals./ac. 
(18 gra./sq. m.). No injury was caused to grass except a slight temporary burning, 
but cultivated crops were appreciably injured. Chemical analyses showed that 
all the cyanide had disappeared from the .soil in 7-10 days, or even less if rain fell. 
This treatment applied to grassland resulted in 90-100% kill of the Japanese beetle 
{Po'pillia japonica, Newm.). At llO Ib./ac. (12 gm./sq. m.) the burning of the 
grass was v(‘ry slight, and almost as good a kill as at the higher rate was obtained 
under favourable conditions. 

Leefmans (1915) only obtained kills of 11% and 24% of cassava grubs {Leu^ 
copholis rorida, F., and Lepidiota stigma, F.) with a solution of 200 gm./l., applying 
20 and 40 cc., respectively, in holes around the cassava plant. Leach and Thomson 
(1921) found the dipping of soil balls in a solution of sodium cyanide of 3*5 gm./U.S. 
gal. (0*9 gm./l.) ineffective for the control of Japanese beetle grubs {Popillia japonka, 
Newm.). Fleming (1926 b) in small-scale ])ot experiments was able to kill the adult 
beetles by placing them for periods of 6-30 hrs. in soil watered with a solution of 
ciyanide of 2 gm./l. Zappe and Carman (1925) were able to kill larvae (except 
those deeper in the soil) of th(> Oriental l>eetle {Anomala orkntalis, Waterh.) in 
lawns with a solution of cyanide applied at J-| oz./sq .yd. (4-13 gm./s(|.m.), but the 
grass was scorched. Franklin (1925) found that I oz./20 U.S. gals. (0*37 gm./l.) 
applied at 1 U.S. gal./sq. ft. (15 gm./sq. m.) killed the cranberry root grub {Amphk 
coma vulpina, Hentz). Filinger (1931 a) recorded good results in the control of 
white grubs (Lacknosterna sp.) in flower gardens by s[)rinkling the soil with a solution 
of 8-10 OZ./50 U.S. gals. (1-5 gm./l.) at 21 U.S. gals./sq. yd. (15 gm./.sq. m.). 

FJateridae. 

Hyslop (1914) stated that (;yanid(5 could not be placed in the soil at sowing 
time or during cultivations immediately afterwards, owing to its toxicity to plants, 
which lasted for 26-42 days. Cyanide placed in the hills of established maize and 
potato plants at 150 and* 300 Ib./ac. (17 and 34 gm./sq. m.) ai)peared to destroy 
wireworms (Agriotes mancus, Say). French (1916) obtained 92-99% kills of wire- 
worms (mainly Phehtes californicus, Maimh.) with i-5 oz./lO cu. ft. to a depth of 
1 ft. (15-150 gm./sq. m.) applied 8 ins. (20 cm.) deep and 4 ins. (10 cm.) from the 
plant. The application was followed by rolling. Using split beans drilled into the 
soil as a bait, he obtained 35-80% kills with I/IO oz. sodium cyanide/linear foot 
(3 gm./m.) drilled two weeks later 4 ins. (10 cm.) each side of the bait rows and 
4 ins. (10 cm.) deep. Peterson (1917) obtained promising results in pot experi- 
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ments on wireworms with sodium cyanide applied in solution and as a solid at the 
rate of 100-250 Ib./ac. (11-28 gm./sq.m.) for an exposure of seven days. Field experj. 
ments, however, in wliich the cyanide was applied in the plough furrow at loo 
and 150 Ib./ac. (11 and 17 gm./sq. m.) in solution (10 Ih.j^O [J.8. gals, or 2-4 gm./|.) 
gave very iinsatistactory results, finally, 400 Ib./ac. (34 gm./sq, m.) in solution 
was poured on the hills, and this apparently killed all the larvae, but the treatment 
was much too expensive for normal use. 

Lade/1 (1938) applied a proprietary mixture of sodium cyanide and magnesiuni 
sulphate in the plough furrow at 7-5 cwt./ae. (94 gm./sq. m.) and obtained a 45% 
reduction of wireworms (A^notes sp.). The wireworms on the control plots were 
reduced by 23%. A similar mixture had |)reviously been recommended by Kaufmaim 
and Sargent (Davis 1920 a) using 400 lb. cyanide to 5-000 lb. ammonium sulphate 
per acre. In addition to acting as a /ertiliser, the .sulphate^ assisted in the rapid 
decomposition of the cyanide. 

Curculionidae. 

Crowley (1923) found a solution of sodium cyanide (1 oz./15 U.S. gals, or 0-5 gni./I.) 
applied at 1 U.S. gal./sq. ft. (20 gm./sq. m.) to give effective control of the grubs of 
Otiorrhynchm ovaius, Ij., and 0. .sulmtus, F., attacking cranberry roots. The sanu' 
author confirmed the value of cyanide solutions in the control of these cranberry 
pests and recommended 3 oz. (1939) and 0 oz. (1941) j)er 100 U.S, gals. (0-2 and 
0‘4 gm./l.) in sufficient amounts to penetrate the soil to a depth of 3-4 ins. (7*5-10 cm.). 

F. F. Smith (1932), however, was unable to (*ontrol third- and fourtb-instar grubs 
of 0. sulcatm with solutions of varying concentrations without killing the primulas 
and cyclamens which they were attacking. 

Chrysomelidac. 

Peterson (1921a) obtained complete kills of the strawberry root w’orm (Paria 
cmielld, F.) attacking roses in a greenhou.se with solutions of 3 gm./4 U.S. pints/bush, 
each covering an area of about one scpuire foot (32 gm./sq. m.), but the bushes wen- 
injured if more than 1 gm./sq. ft. (11 gm./sq. rn.) was used. The injury to the plants 
was reduced by using less Avatcr, but the solution probably did not then penetrate 
sufficiently to kill the deeper grubs. Weigel and Doucette (1922) found a solution 
of cyanide applied at 0*45-1*77 gm. per plant gave 77% kills of these grubs, but it 
injured the roses which they were attacking. 

Cerambycidae. 

in an anonymous publication (New Mexico 1935) it was found that 1 oz./U.S. 
gal./cu.ft. ( I kg./cu. m.) was ineffective in the control of larvae of Prionm californicm, 
Motsch., buried in trenches in artificial bark shelters. 

DIPTBRA. 

Trypetidae. 

Thiem (1934) found that 150 cc, of a solution of cyanide (10 gm.) and ammonium 
sulphate (5 gm.) in IJ 1., applied to wooden cages 1/7 sq. ra. in area ( 7gm./8q, m. ), 
was one of the most satisfactory methods tried for the control of pupae of the cherry 
fly (Rhagoktis cerasi, L.). 


MYRIOPODA. 

Horsfall and Eyer (1921) controlled millepedes attacking seedlings in cold frames 
with cyanide at 150 Ib./ac. (17 gm./sq. m.) sprinkled in furrows and covered over 
with soil. This treatment resulted in 736 plants compared with 480 in the control. 
250 Ib./ac. (28 gm./sq. m.) retarded germination. 



66 


M IS(^.ELLA NE( )U.S. 

Hinds (1919) recommeiidod a solution of I oz. sodium cyanide/S U.S. gals. 
(0-9 * ()Z./10-l2-r) s(j. It. (.^0 gui./sq. m.) for the control of soil pests of all 

kinds. Muir and Swezey (1926) found 900 Ib./ac. (100 gm,/sq. ra.) an effective 
general fumigant in fallow ground. They did not recommend it, however, as it 
left a residue of free alkali in the soil. 

SOMMAKY. 

The recorded range varies from 4-1.^0 gm./s{|. m., the great majority of authors 
using 16-20 gm./sq. m., generally with satisfacttory results. It has usually been 
ap|>lied in solutions ranging from 0-2-7-4 gm./l. and usually between l-O and 
1-5 gm./l. 


OTHER SURSIkVNCES TESTED AS SOIL INSECTICIDES. 

(In alphabetical order.) 

Except where otluuwise stated, experiments in soil are implied. The prefixes 
ortho-, meta-, and para- are ignonnl so far as alphabetical arrangement is 
concerned. 

Acetaldehyde (CH^CHO). 

Liquid. S.G. 0-806 at 0'^ C. 

COLKOPTERA. 

Scarabaeidae. 

Davis (1920 u) found acotald<diydc in water at dilutions of 1/48 and 1/96 applied 
at 5,()0() U.S. gals./ac. (78 and 39 gm./sq. m.) (piite ineffective for the control of 
Japanese beetle grulis. 

Acetic Acid (CH3COOH). 

Liquid. S.G. 1061 at 20'’ C. 


COLEOPTERA. 

Scarabaeidae. 

Mitchell (1939) reported that seed-beds treated immediately after planting in 
the spring with 0-8% solution of acetic acid at 0-75 U.S. qt./sq. ft. (6 gm./sq. m.) 
to control damping off remained free from Lachmsterm grubs, whereas untreated 
beds were seriously damaged, it was later shown that other insects and earthworms 
were also killed by the treatment. 

Acetone (CH3COCH3). 

Liquid. S.G. 0-792 at 20'^C. 

Experiments in Air. 

Fleming (1925) : minimum lethal dose=90 mg./l. 

Experiments in Soil. 

HEMIPTERA. 

Coccidae. 

Saunders (1926) found that 2 cc. acetone injected into the soil ball of an acacia 
plant in a 200-cc. pot killed the root mealybug, Hhizoecus terrestris, Newst., without 
injuring the plant. 

Acetyl Toluidlne (CH3 .jCeHiNHCOCHa). 

0- and p- forms both crystalline. 
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OOLEOPTKRA. 

Scarabaeidae. 

Fleming (1928) found that acetyl o-tolnidum killwl Japan^e beetle larvae 
iPopilliajaponica,Newm.) in soil when mixed with it at the rate of 0-16% by weigh, 
for M expire of two weeks. For acetyl p-tolu.dme 0 dd% was neces.sary. 


Acetylene (CaH^). 

Gas. (See also Calcium Carbide, p. 77.) 


OOLEOPTERA. 

Scarabaeidae. 

Theobald (1927) found waste acetylene (spent calcium carbide ?) inefifectivo 
for the control of cockchafer larvae (Melolontha mehloniha, L.), 


Acetylene Tetrachloride (see Tetrachlorethane). 

Alizarin(e) (Dlhydroxyanthraquinone) (C6H4(CO)2C6H2(OH)2). 

Crystalline. Primal colouring matter of madder. 

Speyer and Owen (1924) reported that this substance had little or no action on 
the cucumber house woodlouse {Arnmdillidium speyeri, Jackson) when incorporated 
in the soil up to high rates. 


Allyl Isothiocyanate (Mustard Oil) (CHg . CH . CH^ . NCS). 
Liquid. S.G. 1-017 at 10°C. 


Experiments in Air. 

Tattersfield and Roberts (1920) : highly toxic (0-75). 

Lehman (1933) recorded the median lethal dose (50% kill) to the wireworm, 
Pheletes californicus, Mannh., as 0-16 mg./l. for five hours’ exposure and 192-9 times 
as toxic as carbon disulphide. 

Thalenhorst (1937) recorded the minimum lethal dose to third-instar larvae 
of Melolontha hippocastani, F., as 3 mg./l. for 24 hours, and 87 times as toxic as 
carbon disulphide. 


Experiments in Soil. 
Scarabaeidae. 


OOLEOPTERA. 


Leach and Thomson (1921) only obtained a poor kill of Popillia japonica, Nowm., 
grubs in soil balls dipped in a saturated aqueous solution of mustard oil. Fleming 
(1928) found that the vapour did not penetrate moist soil to kill these grubs so well 
as carbon disulphide, although it was more toxic than the latter in air and water. 


Elateridae. 

McDougall (1934) found a 10% dilution placed in the drills with sugar-cane sets, 
or introduced into the soil close to the set at 1 litre per chain of drill (6 cc./m.), 
was ineffective as a control measure against the wireworm, Lacon variabilis, Cand, 
Thalenhorst (1937) obtained 97% kill of cockchafer larvae in cages buried 25 cm. 
deep and within a radius of 14-26 cm. of an injection of 0-5 cc. mustard oil. The 
substance was also easily emulsified with soap and did not affect one-year-old 
pines. 

See also Mustard, p. 114. 
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Alum (Potassium Alum) (Al, (804)3X3804 . 24X30). 

Crystalline. 


DIPTERA. 

Anthomyiidae. 

Edwards (1932) gave three applications each of | pint of a solution of 2 oz./gal. 
to cabbage plants, four days after setting out, without significantly affecting the 
numbers of plants attacked by the root fly {Hylernyia brassicap,, Bch.). 

Aluminium Salts (see Arsenates, p. 72 and Fluorides, p. 95). 

p-Amino Acetanilide (NH.^ . . NH . COCHa). 

Oystalline. 


COLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found 0*5% by weight mixed with soil was toxic to PopiUia 
japonica, Newm., grubs for a three-weeks’ exposure. 

o-Amino Phenol (NH2CaH40H). 

Crystalline. 

Fleming (1928) found 0-fl()% by weight mixed with .soil was toxic to PopiUia 
japonica, Newm., grubs for a three w(*ek’s exposure. 

Ammonia (NH3). 

Colourless gas usually handled in aqueous solution (as ammonium hydroxide), 
the strength of which is measured in tiu-ms of spi^cific gravity, (las liquor, a crude 
by-product of the distillation of (‘oal, ('ontains a considerable proportion of ammonia. 

Experiments in Air. 

Mclander (1924) found that the va])Our was largely absorbed by the moisture 
in the soil and that ammonia pas.sed through soil took a relatively long time to kill 
bean weevils. 

Tattersfield and Rolxuts (1920): moderately toxic. 

Experiments in Soil. 

HEMfPTERA. 

Apliidae. 

Bernard (1914) recommended 15-20 gm./sq. m. of crude ammonia for the control 
of the vine phylloxera. 

COLEOPTERA. 

Elateridae. 

According to Ncuweiler (1926) gas liquor at 3,000 and 6,000 l./ha. (3(K) and 6(K) 
cc./sq. m.) had no effect on wireworra.s. 


DIPTERA. 

Tipulidae. 

Dawson (1932) reported satisfactory control of leather jackets {Tipuh sp.) 
with applications of 1 quart liquid ammonia to 50 gals, water at 1 gal./sq. yd. (about 
8 gm. ammonia/sq. m., assuming the original liquid bo have been 0*880). 

F 2 
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Anthomyiidae. 

Brittain (1923) obtained promising results in the control of cabbage root fly 
{liylemyia brassicae, Bch.) with applications to newly set out plants of an ammoniacal 
liquor containing 14-15% ammonia. 

Trypetidae. 

Wiesmann (1934) obtained approximately 90% kill of pupae of the cherry 
fruit-fly (Rhayoletia cerasi, L.) with 10 I./sq. m. of a 25-30% dilution of a gas liquor 
consisting mostly of ammonia. 


MISOELLANBOUS. 

Delpont (1926) was able to control cutworms {Agrotifi aegeinm, Schiif.), mole- 
crickets {OryllotMpa sp.) and wireworms by applying crude ammonia to the soil 
at the rate of 1,800 kg. /ha. (180 gm./sq. m.) three to four months before planting 
out. 

Ammonium Carbonate ((NH^gCOg). 

Crystalline. Commercial ammonium c arbonate is a mixture of the bicarbonate 
(NH4HCO3) and the carbamate (NH4NH2CO2). 

COLBOPTERA. 

Elateridae. 

Speyer (1929) applied powdered ammonium carbonate to the surface of the soil 
at 4 oz./sq. yd. (136 gm./sq. m.) and watered it in well. Young tomato plants 
placed in the soil four days after treatment were not attacked by wireworms. 

DIPT BRA. 

Mycetophilidae. 

Speyer (1923 a) found 5% solution ineffective as a control measure for the larvae 
of Pnyxia scabiei, Hopk., in cucumber houses ; a mixture of this and copper sulphate 
in 2, I and solutions (Cheshunt compound?) was equally useless. 

Ammonium Bicarbonate (NH4HCO3). 

Crystalline. 


DIPTERA. 

Anthomyiidae. 

Gasow (1935) found mixtures of ammonium bicarbonate and earth in the pro- 
portions of 1/10 and 1/15 killed the eggs of the cabbage root fly {Hylemyia brassicae, 
Bch.), and he recommended that it be applied to the bas(\s of the plants to prevent 
attack. 

Ammonium Sulphate ((^114)2304). 

Crystalline. Commonly used as a nitrogenous fertiliser. 

COLBOPTERA. 

Scarabaeidae. 

Col6n (1919) reported that 1 oz. ol sulphate of ammonia mixed with the soil in a 
flower-pot killed 35 out of 37 white grubs {Lachnostema sp.) within a week. Fleming 
(1942) obtained only small kills of PopiUia japonica, Newm., larvae after 14 days’ 
exposure to rates up to 8,000 Ib./ac. (900 gm./sq. m.). 
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Chrysomelidae. 

t’eytaud (1938) found ammonium sulpliate at the rate of 1,600 kg,/ha. (160 nm./ 
sq. m.) only caused a slight reiloctioii of pupating larvae of the Colorado beetle 
{Lephnotarsa decemlineata, Say) in pot experiments. 

Amyl Alcohol (C^HuOH). 

Liquid. S.G. 0*817 at 20“ 0. 


Experiments in Air. 

-m Jsonier diethyl earbinol, recorded the median lethal 
dose (50 /o kill) to the wu-eworm, Pheletes californicus, Mannh., as 15*67 mg./l. for a 
hve-hour exposure and twice as toxic as carbon disulphide. 


Experiments in Soil. 
Coccidae. 


HEMIPTERA. 


Saunders (1926) killed root mealybugs {Rhizoeciis krreslris, Newst.) by injectinc 
2 cc. ol a 5% solution into soil balls of Amcia sp. / j j b 


Amyl Nitrate (CgH^iONOj and Amyl Nitrite (C^Hj^ONO). 
Liquids. 


Experiments in Air. 

lattersheld and Kobaits (1920) : nitrate, low toxicity (180) ; nitrite, moderately 
toxic (64). 


Experiments in Soil. 

DIPTERA. 

Chironornidae. 

Speyer (1923 b) reported that lumigation ol a glasshouse for red spider with 
amyl nitrate and nitrite brought larvae of the Chironomid, Orthocladius sp. in 
cucumber beds to the surface and killed them. 


Amylene Dichloride (CgHioOlg). 


LEPIDOPTERA. 

Aegeriidae. 

Snapp and Thomson (1936) found emulsions of amylene dichloride not very 
toxic to peach tree borers {Aegeria exitiosa, Say), but very injurious to the trees. " 

Aniline (CgHjNHa). 

Liquid. S.G. 1 022 at 20“ C. 


Experiments in Air. 

Tattersfield and Roberts (1920) : moderately toxic (27) ; Fleming (1925) : 
22 mg./l. in air ; 1020 gm./l. in water. 


Experiments in Soil. 
Anthomyiidae. 


PEPTERA. 


K. M. Smith (1923) attempted to control the onion fly {Hylemyia antiqua, Mg.) 
by dusting the young plants with aniline, but the yield of onions on the treated 
plots was little better than that on the control plots. 
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Aniline Hydroebloride (C.H^mfiCi). 

Crystalline. 

COLEOPTEBA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0-33% by weight of aniline liydroeliloride 
was toxic to Popillia japonica larvae for an exposure of one week. 

HEMllTBRA. 

Coccidae. 

Saunders (1926) killed root mealybugs {Rhizoecus terir.stris, Newst.) with a 2%^ 
solution watered on to infested acacia plants. 

AnUine Oxalate 

COLEOPTEBA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0-16% by weight of aniline oxalate was 
toxic to Popillia japonica, Newm., larvae for an exposure of three weeks 
See also Oxanilide. 

Anthracene (see Coal Tar Oils, p. 3). 

Anthraquinone {Cfii : (C0)2 : C8H4). 

Crystalline. 

COLEOPTEBA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0-(>6% by w(>ight of anthraqiiinoiH! was 
toxic to Popillia japonica, Mewm., larvae for an exposure of three weeks. It was 
one of the least toxic substances tested. 


ISOPODA. 

Speyer and Owen (1924) .state<l that this substance had little or no aelion on the 
cucumber house woodlouse {Armadillidium speyeri, Jackson) when mixed with the 
soil at high rates. 


Arsenical Compounds other than Lead Arsenate (p. 51). 
White Arsenic (Ansenious oxide) (AsgOg). 


Amorphous. 

Scarabaeidae. 


COLEOPTEBA. 


Illingworth (1921) reported that crude white arsenic at 80 Ib./ae. (8 gm./sq. m.) 
gave good control of the gauger beetle [Isodon puncticollis, Mackay) attacking 
potatoes and sugar-cane in Queensland. The treatment had no deleterious effect 
on the plants. Jarvis (1933) treated plots of sugar-cane at tlie rate of 60-200 lb. 
per acre (7-22 gm./sq. m.), but found living grubs oi Dermolepida albohirtum, Waterli., 
still present after four months. Bell (1934) also reported that it was ineffective 
for the same purpose at similar rates. Wolters (1934), on the other hand, for the 
control of Oriental beetle larvae {Anomala orientalis, Waterh.) attacking sugar- 
cane in Hawaii, found it as effective as lead arsenate and cheaper, when disc-ploughed 
and disc-harrowed in sugar-cane fields in Hawaii at one ton ])er acre (250 gm./sq. m.). 
In 100 square feet of soil which was excavated to a depth of 12 ins. (30 cm.) there 
was an average of 87% difference between the number of grubs in the treated and 
untreated areas. Nichol (1936) obtained only poor control of the fig beetle {Cotinis 
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texarwii Casey) with I lb. of wliite arsenic lightly raked into the surface of an area 
of 4(X) sq. ft. (2 gm./s(i. m.). f'leming (1942) found it about twice as toxic as lead 
arsenate to PopiUia japonica, Newm., larvae. He obtained high kills at 1,000 Ib./ac. 
(112 gm./sq. m.). It was effective in the soil for two yeai^, but was highly 
phytocidal. 

Curculionidae. 

McDaniel (1922) recovered 70 beetles and pupae of tin? strawbi’rry root weevil 
{Oliorrhynchus ovatiifi^ h\) attacking conifer sc^cdlings on plots treated with 80 lb. /acre 
(9 gm./sq. m.), compared with a total of 502 beetles and pupae from the control 
plots. 


DIPTERA. 

Cecidomyiidae. 

Sjoberg (1936) stated that arsenic trioxide in water showed [)roniise in laboratory 
experiments in the control of larvae of the wheat gall-midge {Contarinia tritici, 
Kby.). 

Anthomyiidae. 

Brittain (1920) found that a mixture of white arsenic (5%) and clay applied 
to brassicas at the rate of 700 lb. per acre (4 gm./s([. m.) was ineffective in ])reventing 
attack by cabbage root fly {Hyleviijia bmssiem^ Bch.). 'freated with 5% white 
arsenic and 40% tobacco dust, only 2% of plants were destroyed by the fly, compared 
with 17-44% in the controls, in the following year (1921) a similar mixture was 
not so successful. 

Paris Green. 

.An arsenical pignu^nt, the main constituent of which is a (complex compound 
ol copper acetate and copper arsenite, to which the formula (CH 3 (JOO) 2 Cu . 2 Cu(As 02 ) 2 
has been given. 


LBPIDOPTBBA. 

Crambidao. 

Noble (1932) found that a suspension of 1 lb./50 U.S. gals. (24 gm./l.) at the 
rate of 2 11.8. qt./sq. yd. (5 gm./sq. m.) was ineffective in controlling sod webworms 
in lawns. North and Thompson (1933), irsing \ lb./2(.) U.S. gals. (2gm./l.)/l,0(X) .^q. ft. 
(2-5 t^m./sq. m.), found an appreciable reduction in damage done to the turf by the 
webworms (from 87 units in the control to 35 on the treated plots), but the treatment 
itself injured the turf. 


COLEOPTERA. 

Scarabaeidae. 

Leefmans (1915) found that Cassava grubs {Leucopholis roridxi, F., and Upidiota 
stigrm, F.) were all killed when placed in earth containing 1% Paris green. Hermairs 
(1932) found that f kg./lOO sq. m. (8 gm./sq. ni.) watered on to the soil was successful 
in controlling May grubs {MelolontJm sp.) in lawns. Fleming (1942) reported that 
Paris green was rather more toxic to PopiUia japonica, Newm., larvae than lead 
arsenate (high kills obtained at about 2,000 Ib./ac. or 224 gm./sq. in.), bynthetic 
homologues were also tested, and copper oleo-arsenite was found to be more toxic, 
copper stearo-arsenite equally toxic, and copper lauro-arsenite and palmito- arsenite 
less toxic than load arsenate. They were all more phytocidal. 

Elateridae. 

According to McDougall (1934), 200 Ib./ac. (22 gm./sq. m.) incorporated with 
the soil around sugar-cane sets at planting time was quite ineffective m controlling 
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the wireworm, Lacan variabiliis, Caiid. Woodworth (JlKtS) found that wirewormy 
were unlikely to take any Paris green into the gut, ay the [)articles would be filtered 
out by their peculiar feeding mechanism. 

Arsenious Sulphide (Orpiment) (AsaSs). 

Crystalline. 

OOLEOPTERA. 

Scarabaeidae. 

Fleming (1942) found it had about the aanu^ toxicity as lead arsenate to larvae 
of Fopillia japonica, Newm. (i.e., 2,000 Ib./ae. or 224 gm./sq. in, to give a high kill), 
but was less permanent in its action and more toxic to plants. 

Sodium Arsenite AsOj). 

Crystalline. 

Experiments in Water. 

Woodworth (1938) found that wireworrns {Fhektrs culifornicvs, Mannh.) incrt^ased 
in weight when immersed in a solution of sodium arsenite and took in arsenic through 
the body wall. 

Experiments in Soil. 

i.SOPTEKA. 

Kofoid (1934) stated that ground treated with 0-1% solution of sodium arsenite 
at 100 U.S. gals./lOO sq. ft. (41 gm./sq. m.) was still free from termites two years 
later. 

COLKOPTERA. 

Scarabaeidae, 

Leefmans (1915) found that a 2% solution (sodium arsenicum) in soil killed all 
Cassava grubs [Leucopholis and Lepidiota sp.) when watered on to the soil. 

DIPTERA. 

Cecidomyiidae. 

Sjoberg (1930) stated that a solution watered on to the earth showed promise in 
controlhng larvae of the wheat gall midge {Contarinia Iriiici, Kby.). 

Inorganic Arsenates. 

The compounds mentioned under this heading have been mainly tested by a 
few authors who have compared them with lead arsenate for the control of Japanese 
beetle and similar insects, and they are more conveniently dealt with together than 
separately. 

COLEOPTERA. 

Scarabaeidae. 

Leach (1920) stated that basic lead arsenate and magnesium and ferric arsenates 
were non-toxic to larvae of the Japanese beetle {Pojnllia japonica, hiewm.) and also 
to plants. Calcium arsenate was almost as effective as acid lead arsenate (though 
more toxic to plants) and zinc and copper arsenates were rather less effective. 
Fleming and Baker (1930) found zinc and ferric arsenates almost as good as lead 
arsenate in the control of this same insect. The arsenates of barium and magnesium 
were also toxic, but aluminium, dicalcium, tricalcium and manganese arsenates gave 
very inconsistent results. This subject has been further investigated by Fleming 
(1942), who has carefully compared the toxicity of a number of arsenates to larvae 
of Fopillia japonica, Newm. When freshly applied to the soil, significantly less 
than 1,000 Ib./ac. (112 gm./sq. m.) of the arsenates of calcium, magnesium and 
manganese were required to produce an effect equivalent to that of the standard 
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1,0U0 ll)./ac. of lead ar.sonate. The quantities estimated for the arsenates of alu- 
iiiinium, barium, ferric iron and zinc to produce this clFect did not appear to differ 
significantly from 1,000 Ib./ac. Acid lead arsenate was also the least detrimental to 
plants of those arsenates which were toxic to the larvae. 

Kerr (1940) found mixtures of magnesium arsenate and sand (1/10 and 1/20) 
almost as effective as lead arsenate in preventing white grub {Lachnosterm sp.) 
attack on strawberries. The material was placed in the holes (1*5 oz. per hole) 
made for setting out the plants. Calcium and zinc arsenate used in this manner 
were highly toxic to the plants. 

Ascaridole (see Leach and Johnson (192.'5) under Wormseed Oil, p. 1 12). 

Barium Chloride (BaClj). 

Crystalline. 

Jarvis (1916) applied a solution of 1 lb. in 3 gals, of water for the control of 
Dermolepida grubs in sugar-cane fields with negative results. 

For other Barium Salts see Arsenates, p. 72, Fluorides, p. 95, Fluosilicates, p. 96. 

Benzal (Benzylidene) Chloride (CeH^CHCla). 

Liquid. S.G. 1-295 at lO'^C. 

Experiments in Air. 

Tattersfield and Roberts (1920) : moderately toxic (24). 

Benzaldehyde (CgHgCHO). 

Liquid. S.G. 1-06. 

LEPIDOPTEKA. 

Aegeriidae. 

Peterson (192;L/) obtained 44% kill of i)each tree borers [Actjcria cxUiom, Say) 
with an application of ^ oz. per tree. 

COLKOPTERA. 

Scarabaeidae. 

Leach and Johnson (1925) obtained no kill of Popillia japonica, Newni., grubs at 
the root of perennial plants treated with a saturated solution of benzaldehyde in 
water ; the plants were killed. 

Benzene (CgHg). 

Liquid. S.G. 0-879. 

Experiments in Air. 

Tattersfield and Roberts (1920), of low toxicity (775). 

Experiments in Soil. 

ISOPTERA. 

Jarvis (1927 b), after burning hifested sugar-cane stools, destroyed termites 
remaining in the soil by treating the holes from which the plants had been lenioved 
with 1-8 fl. oz. (26-200 gm.) of benzene. 

COLEOPTBBA. 

Scarabaeidae. 

Leefmans (1915) only obtained low kills of Cassava grubs (Leucopholis rorida, F., 
and Lepidiota stigma, F.) with 40 cc. injections per plant. Jarvis (1925 6) obtained 
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100% kill of third-iiistar larvae of Dermolepida alhohirtum, Waterh., with 5 
benzene applied to 80 cu. ins. of moist soil and also with |-oz. doses (14 gm.) poured 
on to the soil 4 ins. (10 cm.) above the grubs in cages. Jarvis and Burns (192(i) 
only obtained 15%.kill of these grubs with J-oz. doses. 

Elateridae. 

Jarvis (1927 c) found 22 gals./ac. (22 gm./scp m.) of benzene, used in conjunction 
with a bait, sufficient to control wireworms in sugar-cane fields. 

Chrysomelidae. 

Trappmann (1924) and Feytuud (1932) recommeuded 4 to 5 litres of crude 
benzene/sq. ni. for the destruction of Colorado beetle {Leptinotarsa decemlineata, 
Say) in the soil, 

Staphylinidae. 

Vincent (lOlii) stated that 100 l./ha. (9 gm./sq. in.) gave good control of an 
unspecified Staphylinid beetle injurious to turni])s, but was too expensive for normal 
use. 


DIPTERA. 

Myvetophilkiae. 

Ritzema Bos (1917) found that 5 to 7 ee. injected into holes near gherkin plants 
cffiectively controlled injurious Sciara larvae. 

MISOELLAMBOUS. 

Ritzema Bos (1898) described exjieriments in which various soil insects, including 
wireworms, cutworms and cockchafer larvae, wore successfully controlled with 
benzene injections applied with a “ pal ” injector. Otiorrhynckm larvae, however, 
survived doses which killed wireworms. 

The Addition of other Substances to Benzene, 

Naphthalene. Jarvis (192i)/j) obtained 100% kill of Dermolepida grubs with 
1/32 fl. oz. (1 gm.) of a solution of naphthalene in benzene applied to 10 cu. ins. of 
soil. 1/16 h. oz, (2 gm.) gave a complete kill when applied to 48 cu. ins. within 
five days. Jarvis and Burns (1926), however, only obtained 17% kill with doses 
of ^ fl. oz. in plot experiments. 

Pine Tar Creosote. Burns (1929) carried out some inconclusive experiments 
with 10 and 20% solutions, applying 1/16 fl. oz. (4 gm.) to each side of sugar-cane 
stools to control Dermolejnda grubs. In all cases, however, the treated canes were 
slightly better than the untreated ones. 

Commercial Creosote. Burns (1929) also obtained slightly improved results 
over the controls with 20% solutions of creosote in benzene applied as for the previous 
substance. Jarvis (1930 a) only recorded a 34% kill of grubs with this mixture. 

Carbon Disulphide. Davis (1920a) obtained negative results in the control of 
►Scarabaeid grubs {prohnbly Popillia japonicaj Newm.) with a 1/48 dilution of Kopper’s 
solution, a by-product consisting mainly of carbon disulphide (2.5%) and benzene 
(7.5%) applied at .5,000 U.S. gals./ac. (approximately 80 cc./sq. m.). 

Tetrachhr ethane. Marchal (1931) found a mixture, advocated by M. Willaume, 
of equal parts of benzene and tetrachlorethane rendered miscible with water by 
the addition of 20 sodium sulphoricinate was a very effective soil fumigant 
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Benzyl Amine (CgHgCHaNHa). 

Liquid. S.G. 0-980 at 20° C. 

Experiments in Air. 

Fleming (1926) : minimum lethal dose in air 248 mg./l. 

Benzyl Chloride (GgHgCHaCl). 

Liquid. S.G. 1-103 at 18° C. 

Experiments in Air. 

Tatterstield and Roberts (1920) : high toxieity (4). 

Ideming (1926) : minimum lethal dose in air 4 mg./l ; in water 30 nig./| 

Experiments in Soil. 

COLEOPTERA. 

Scarabaeidae. 

Fleming (1925, 1928) lound it did not kill Popillia japonica, Newrn., grubs in 
soil, but (1920) he recorded .3-6 gm./l. ol water as the strength of dipping solution 
neec'ssary to kill the adult bet-ties at the roots of potted plants. 

Benzoyl a-Naphthylamine (C10H7NH .CO .CgHj). 


COLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0-1 (>% Ixmzoyl a-naphthylamuie was toxic 
to Popillia japonka, Nevvin., larvae for an exposure of three weeks. 


Bleaching Powder (CaOCla). 

COLEOPTERA. 


Elateridae. 

Comstock and Slingt-rland (1892) found it int-ifeetive in controlling wireworms 
except at the high rate of 0 tons/ac. (1,344 gin./stp m.). 


DIPTERA. 

Cecidomyiidae. 

Miihlow (1930) re[)orted that the ap])lication of 180 Ib./ac. of a [)roduet con- 
taining 43% bleaching powder (9 gni./stj. rn.) gavt- control of the wheat gall-midges, 
Co7itarinia tritici, Kby., and Sitodiplosis momllana, Cell., in a field experiment. 


Borates. 

Scarabaeidae. 


COLEOPTERA. 


Lipp (1929) tested the borates of eo|)per, lead and nu-rcury(ic) as possible sub- 
stitutes for lead arsenate foi- the control of Popillia japonka, Newm., larvae. In 
])ot experiments at 1,500 Ib./ae. (108 gm. /sip in.) only mercuric borate gave successtul 
results. Fleming (1942) made similar ti-sts on the borates of calcium, lead, mag- 
nesium, nickel, sodium, strontium and /.ini-, at rates iij) to 2,000 Ib./ac. (224 gin./ 
sq. ra.). Even at the highest dose 30-40% of the grubs survived, and all the borates 
were very toxic to plants. 


Borax (Sodium Tetraborate) (NagB^O,, 10H.2Op 
Crystalline. 
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ISOrTEKA. 

Kofoid (1934) sta ted tha t [dots treated with h and 10% solutions of borax remained 
free from infestation by termites for at least a year, whereas there were many in the 
surrounding ground. 


OOLBOPTERA. 

KScarabaeidae. 

Jarvis (1916) obtained satisfactory control of Dermolepida grubs in sugar-cane 
lields with a solution of 1 lb. in 3 gals, of water, but the treatment was very 
expensive. 

Chrysomelidae. 

Weigel and Doucette (1922) obtained negative results in the control of the straw- 
berry root worm, Paria canella, F., attacking roses, with applications of 1-2 gm. 
borax in solution per plant. 


DIPTERA. 

Anthomyiidae. 

Stookey (1919) found application to cabbages of a solution of 1 oz. of pow- 
dered borax in 10 U.S. gals, of water was ineffective in controlling cabbage root 
maggot attack {Hylemyia brassicae^ Bch.). 

Bordeaux Mixture. 

Bordeaux mixture is a fungicide made from lime and copper sulphate. As a 
soil insecticide it has principally been used in mixtures with other substances. 

COLEOPTERA. 

Scarabaeidae, 

Steal* (1932) noticed that a mixture of Bordeaux mixturii and lead arsenate 
used in the routine spraying of potatoes noticeably decreased white grub {Loch- 
msterna sp.) injury. This reduction did not occur with lead arsenate alone. 

DIPTERA. 

Psilidae. 

Wliitcomb (1938) found a 1% lubricating oil emulsion and 1% oil emulsion in 
standard Bordeaux mixture applied to carrots was only slightly effective in con- 
trolling carrot fly {Psila rosae, F.). 

Anthomyiidae. 

Fhnt and Compton (1925) found applications of Bordeaux mixture alone and 
mixed with lubricating oil emulsion or mercuric lihloride gave somewhat increased 
yields of onions when applied to the young plants to control onion fly [Hyletnyia 
aniiqim, Mg.). Wright (1938 b) applied a mixture of 1% lubricating oil emulsion and 
Bordeaux mixture for this purpose and recorded 47% of the plants remaining in 
July, a percentage not much higher than that in the control plots (37%). 

Borneol (Borneo Camphor) (Ci^jHi^OH). 

Crystalline. 


ISOPODA. 

According to 8peyer and Owen (1924) this substance had little or no action on 
the cucumber house woodlouse {Armadillidium speyeri, Jackson) when mixed with 
the soil at high rates. 
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Brombenzene (Phenyl-Bromide, Mono-Brombenzene) (CaHsBr). 

Liquid. S.G. 1-499 at 15" C. 

Ivxpi’f inienU in Air. 

Tattersfield and Roberts (1920) ; moderately toxic (96). 

Fleming (1925) : minimum lethal dose 90 mg./l. in air ; 247 mg. /I. in water. 

hJxperirmnts in Soil. 

HKMIPTEUA. 

Goccidae. 

Saunders (1926) found that 2 ec. injections in the soil killed mealybugs {Rhizopcus 
terrestris, Newst.) without injuring acacia plants. 

LEPIDOPTERA. 

Aegeriidae. 

Peterson (1923 a) found it useless for the control of peach tree borer {Apyiria 
e.dtio8a, Say) and injurious to peach trees. 

Bromoform (CHErg). 

Liquid. S.G. 2-884 at 25" C. 

Experimental in Air. 

Fattersfield and Roberts (1920): moderately toxic; (94). 

Calcium Carbide ((^iCg) («(^(^ also Acetylene, p. 66). 

CrystaUine. 

When calcium carbide reacts with water, acetylene gas is given off. 


HEMIPTERA. 

Aphidae. 

Girardi (1916) recommended calcium carbide dug into the soil about 25 cm. 
deep at tiie rate of 1 kg./sq. m. to control root Aphids. Lemee (1918) advised a 
calcium carbide sludge for the control of the woolly apple aphis [Eriosonm lanigeram, 
Hsm.). Three to four litres of a milk of the substance for a good-sized tree should 
be poured into a hole of about 40 cm. radius dug to expose the roots of the tree. 


COLEOPTERA. 

Scarabaeidae. 

Smith and Hadley (1926) stated that calcium carbide was useless for the control 
of Japanese beetle larvae. Hengl (1935) also obtained un8uc(;essful results with it 
at 330 kg./ha. (33 gm./sq. m.), applied in holes 15 cm. deep, to control Scarabaeid 
larvae. 

Elateridae. 

Malenotti (1927) also reported it ineffective for the control of wireworms applied 
at 3 and 6 quintals/ha. (30 and 60 gm./sq. m.). 

Chrysomelidae. 

Fevtaud (1932) found calcium carbide quite useless for the control of Colorado 
beetle adults [Leptinotarsa dxcemlimatu, Say) up to 4,000 kg. and 20,000 litres of 
water/ha. (400 gm./sq. m.). 
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DIPTBRA. 

Anthomyiidae, 

Hille Ris Lambers (1932) mixed 100 gm. calcium carbide with 10 kg. soil and 
then placed 200 pupae of the beet lly {Pegomyia hyoscymni, Panz.) in it. 35 Hies 
emerged, only a few less than those emerging from the control soil (42). 

MYRIOPODA. 

Brunetau (1935) obtained inconclusive results in the control of the glasshouse 
Symphylid {Scutigerella immaculata, Newp.) applying 400 gm./ha. (40 gm./sq. m.) 
in holes about 20 cm. deep. 


Hummary. 

Out of the eight references cited, with applications ranging from 30 to 1000 gm./ 
sq. m., only the highest was reported to give successful results. 

Calcium Chloride (CaCl.,) (see p. 12). 

Crystalline. 


COnEOPTERA. 

Elateridae. 

Comstock and Slingerland (1892) rc|)orted that it was not effective in controlling 
wiroworms under 6 tons/ac. (1,250 gm./sq. m.). Hawkins (1936) found it did not 
kill or check wireworms at 1,(K)0 Ib./ac. (1 12 gm./sq. m.). 

Calcium Cyanide (see p. 12). 

For other Calcium Compounds see Arsenates, p. 72, Borates, ]>. 75, Pluorides, p. 95, 
PI uosili cates, p. 95, Bleaching Powder, ]). 75. 

Calcium Cyanamide (CaCNj). 

Crystalline. 

(.alcium cyanamide is frequently u.sed as a nitrogenous fertiliser, and for insecti- 
cidal use is distributed on the surface by a manur(‘ distributor or by hand and 
ploughed, harrowed or dug into the soil. It is often abbreviated to cyanamide, 
and it is assumed that references to cyanamide always mean the calcium compound. 

Crowther and Richardson (1932) have investigated its effect on germination, 
nitrification and soil reaction. To make it less dusty to handle it is often mixed 
with a small quantity of oil. 

Experiments in Air. 

Fleming (1925) : non-toxic at 796 gm./l. 

Experiments in Soil. 

THYSANOPTERA. 

Huber et al. (1939) recorded reductions of Taeniothrips inconsequens, Uzel, 
emerging from the soil, of approximately 90% in three prune orchards after treat- 
ment of the soil with commercial oiled calcium cyanamide at 300 Ib./ac. (34 gm./ 
sq. m.) in March. Breakey (1942) was able to repeat these results in a wet season 
and obtained equally high kills with rates as low as 100 Ib./ac. (11 gm./sq. m.). 
Splitting the higher rate into two applications did not improve the kill, but it was 
useful in that one application could be timed to control the thrips and a second 
to control the brown rot fungus, Sekrotinia fructicola, Wint. Superphosphate at 
216 Ib./ac. and hydrated lime at 50 Ib./ac. applied at the same time as the cyanamide 
both reduced the kill to about 80%. 
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HEMIPTERA. 

Aphidae. 

Reppert et al (1922) found dosos u]) to 65 oz. (190 gm.) per tree were ineffective 
for the control of woolly apple aphis {Eriosottia hinigeriim, Hsin.) on the roots of 
nursery stock, and also injured the root-s. 

LEPIDOPTERA. 

Aegeriidae. 

Peterson (1923 r/.) obtained 76% kill of peach tree borers {Afgeria eMtinm, Say) 
with 1 oz. (28 gm.) per tree applied in the usual way. 

COLEOPTERA. 

Scarabaeidae. 

Van Zwaluweiiburg (1918) stated that oxce])tionally heavy dressings, u]) to 
2 lb. (908 gm.) per stool, had no effect on Lachnosterna grubs attacking sugar-cane. 

Tn an anonymous publication (Porto Rico, 1924) it was stated that it was applicMl 
u]) to 4 oz./sq. ft. (1,220 gm./sq. m.) to soil in boxes and found that although this rate 
Ijrevontod the germination of corn, it did not kill white grubs {Uichnosterm sp.), 
nor did it deter them from entering the treated soil. 

Fleming (1942) did not record high kills of Popillia japoniea, Newm., larvae 
below the rate of 8,000 Ib./ac. (896 gm./sq. m.). 

Elateridae. 

Malenotti (1927) found it ineffective for the control of wireworms at 5 quintals/ha. 
(50 gm./sq. rn.). Molander (1923) found it completely harmless when applied to 
wireworms previously concentrated to baits. Hawkins (1936) also found it did 
not reduce wireworm injury to potatoes when applied at 1,000 Ib./ac. (112 gm./sq. m.), 
and it also affected the stand of the crop. Miles and Cohen (1939) stated that 
it had no action on wireworms {Agriote.s sp.) up to 6 cwt./ac. (7f) gm./sq. m.). 

Chrysomelidae. 

Deleuzc and Dussy (1939) at 200 and 300 kg./ha. (20 and 30 gm./sq. m.) recorded 
only moderate reductions in the numbers of (A^lorado beetle adults {Lp/ptinotarsa 
dccenilineata, 8ay) emerging from trcatc^d soil. Feytaud (1939) stated that at the 
usual agricultural rates of 150 to 500 kg./ha. (15 50 gm./s(p rn.) calcium eyanamide 
had no effect on the pupating larvae of this insect, but at 1,200 to 4,0()0 kg./ha. 
(120-400 gm./sq. m.) reductions of 84 to 97%, compared with 47% in untreated 
soil, were, obtained. 

Crypt ophagidae . 

Edwards and Thompson (1934) found no significant difference in the yield of 
mangolds from plots tr(\ated with calcium eyanamide at 6 cwt./ac. (70 gm./sq. m.) 
to control the pigmy mangold beetle {Atomaria linearis, Steph.). 

DIPTKRA. 

Tipulidae. 

Maerks (1939) killed all eggs and first-in.star larvae, and 50% of secjond-instar 
larvae of Ne.phrofmna maculata, Mg., in pot experiments with moorland soil treated 
at the rate of 3 dz./ha. (30 gm./sq. m.). 

(k^cidomyiidae. 

Schoyen (1932) recorded an increase in the yield of fruit from pear trees after 
the soil beneath them had been treated with calcium eyanamide at 10 kg./ar. (100 gm./ 
sq. m.) to control the pear midge {Conkirinia pyrivora, Ril.). Klee and Rademacher 



80 


(1935) obtained 52 and 39% kills of wheat gall-midges [Contarinia tritici, Kby., 
and Sitodiplmis inoseUana, G6h.) at I dz./ha. (10 gm./sq. m.) and 49 and 61%, 
kill at 2 dz./ha. (20 gm./sq. m.). Miihlow (1936) found calcium cyanamidc gave 
75% control of thoso insects applied at 3 dz./ha. (30 gm./sq. m.). 


MISCELLANEOUS. 

Mnir and Swezey (1926) obtained 96% kill of soil insects in fallow soil in Hawaii 
with an application of 3 U.S. tons/ac. (672 gm./sq. m.) of calcium cyanamidc con- 
taining 40% calcium cyanide {sic). 


Summary. 

Rates of application range from 10-1,220 gm./sq. m. Satisfactory results at 
normal agricultural rates (about 30 gm./sq. m.) have in the main been obtained in 
the control of small insects like thrips and gall-midges. 

Calcium Sulphide (CaS) (see also Gas Lime, p. 97). 

Crystalline. 


OOLEOPTERA. 

Elateridae. 

Regnier (1928) improved a failing crop of wheat which had been attacked by 
wiroworms {Agriotes obscurm, L.) by the application of calcium sulphide at 200 kg. /ha. 
(20 grn./sq. m.) mixed with calcium phosph.ate, but did not consider that the result 
justified the expense. Gough (1942) did not record any reduction in the number 
of wireworms on field plots treated with calcium sulphide at 350 Ib./ac. (39 gm./ 
sq. m.) broadcast in February and ploughed in. 

Calcium Thiocarbonate (CaCSg). 

Crystalline. 


HEMIPTERA. 

Coccidae. 

Saunders (1926) stated that a 5% solution of this substance watererl on the 
soil killed root mealybugs [Rhizomis terrestris, Newst.) without injuring a(^acia. 
plants. 

Calomel (see Mercurous Chloride, p. 109). 

Camphene (C^oHig). 

Crystalline. 

Experiments in Soil. 

ISOPODA. 

According to Speyer and Owen (1924), camphene mixed with soil at quite high 
rates had little or no action on the cucumber house woodlouse [Armadilliditmi 
speyeri, Jackson). 


Camphor 

Crystalline. 



81 


COLBOPTBRA. 

Scarabaeidae. 

Leach and Thomson (1921) reported that it was useless as a soil insecticide for 
Japanese beetle larvae {Popillid japonicd, Newm.). 

Elateridae. 

Britton and Anderson (1926) tested camphor dissolved in wood alcohol as a 
remedy for Pheletes dgonus, Say, and other wireworms, but found it of little use. 


ISOPODA. 

Speyer and Owen (1924) mixed camplior with soil in the proportion of 1/164, 
and obtained 90% kill of the cucumber house woodlouse {Armadillidiwni speyeri^ 
Jac^kson) in one to five days. Compared with other substances similarly tested, they 
found its action rather weak. 

Carbon Disulphide (see p. 18). 

Carbon Hexachloride (see Hexachlorethane, p. 98). 

Carbon Tetrachloride (CCI4), 

Colourless oily liquid. S. G. 1*584. 

Owing to its chemical similarity to carbon disulphide, it was only natural that 
this substance should have been tested as a soil insecticide. It has the advantage 
of being non-inflammable, and a certain j)roportion is frequently added to carbon 
disulphide in order to reduce the risk of fire during transport and storage (Regnier 
1939). 

Determination (see Daroga and Pollard, 19415). 

Experiments in Air. 

Tattersfield and Roberts (1920) : of low toxicity (1600). 

Fleming (1925): minimum lethal dose 796 mg./l. Thalonhorst (1937) also 
found it much less toxic than carbon disulphide to third-instar larvae of the cock- 
chafer, Melolontha hippocasfani, F., recording the minimum lethal dose as being 
greater than 1,775 gm./l. for 120 hours. 

Experiments in Soil. 

r.EPIDOPTERA, 

Aegeriidae. 

Blakeslee (1919) described it as .similar to carbon disulphide (which gave rather 
inconsistent results) in its action on the peach tree borer {Aegerid exitiosa^ Say). 
Snapp and Thomson (1934 a) found it less effective than ethylene dichloride and 
more injurious to peach trees. 


OOLEOPTERA. 

Scarabaeidae. 

Leefmans (1915) found it le.ss effective than carbon disulphide for the control 
of the Cassava grubs, Lemopholis roridd, F., and Lepidiota stigma, F., only obtaining 
20 and 30% kills from injections of 20 and 40 cc. per plant, respectively. 

Elateridae. 

Hawkins (1936) found some wireworms still alive after one month in 9-in. pots 
treated with } and fl, oz. (approximately 900 and 1,800 gm./sq. m.). 

Q 
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Curculionidae. 

Sobwardt and Lincoln (1940) obtained 41% kill of larvae of the alfalfa snout 
beetle, Otiorrhymhus ligustici, L., with 36’ cc. doses of carbon tetrachloride injected 
15 cm. apart at 4,473 Ib./ac. (500 gni./sq. m.). 

MYEIOPODA. 

Michelbacher (1932) obtained a 59% kill of tbe glassbouae Syrapbylid (ScuH- 
gerella im7nmulata, Ncwp.) with carbon tetracbloride injected into the soil 18 ins. 
(45 cm.) apart at tbe rate of 290 U.S. gals,/ac. (425 gm./sq. m,). 

MISOELLANEOITS. 

Molz (1911) described carbon tetrachloride as being about as effective as carbon 
disulphide as a soil fumigant, and when used as an emulsion in water more effective 
than carbolincums especially for the deeper insects. Melander (1924) found it 
took twice as long as carbon disulphide to pass through a tube of soil and kill bean 
w(Hwils encaged in a chamber comiected with the tube. 

Summary. 

The few figures cited are hardly sufficient to suggest a satisfactory rate of appli- 
cation, though the lowest specified rate tested is 425 gm./sq. m. Most authors 
hav(5 compared it witli carbon disulphide and found it con.siderahly less toxic. 

P-Chloracetanilide (Cl . . NH . COCH3). 

Crystalline. 

COLEOPTBRA. 

Scarabaeidae. 

Fleming (1928) found .soil mixed with 0-lf)% of this substance was toxic to third- 
in.star larvae of Popillia japonien, N('wm., for an ex])osuro of two weeks. 

0- and p-Chloraniline (Cl . CeH4 . NH2). 

ortho- Liquid. S.G. 1*213 at 20” C. 

Experiments in Air. 

Tattersfield and Roberts (1920) : moderately toxic (19). 
para- Crystalline. 

Experiments in Air. 

Tattersfield and Roberts (1920) : of uncertain toxicity. 

Chlorbenzene (CeHjCl). 

Liquid. S.G. 1 *100 at 20® C. 

Experiments in Air. 

Fleming (1925) : minimum lethal dose 124 mg./l. in air ; 366 mg./l. in water. 
Tattersfield and Roberts (1920) ; of low toxicity (200). 

Experiment'^ in Soil. 

LEPIDOPTERA. 

Aegeriidae. 

Peterson (1923 a) obtained 100% kill of peach tree borers [Aegeria exitiosa, Say) 
with J oz. applications to peach tree^, but killed the trees, 
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Chlorcresol (CH . C8H3(CH3)C1). 

COLEOPTBRA. 

Curculionidae. 

Isaac (1923) absorbed 4i i\. oz. chlor-ortho crosol in lb. chalk powder and 
applied the mixture to a plot of spring cabbages one rod in area, with the object of 
controlling the turnip gall weevil {Omthwrhyn.chu^'i pleimMtvjtm, Marsh.); 112 of 
the 200 treated plants were galled, a number scarcely differing from the 131 galled 
plants in the control plots. 

DIPTERA. 

Anthomyiidae. 

K. M. Smith (1923) found the ap])licatioii of a dust consisting of chlor-orcsylic 
acid absorbed in chalk to onion ImhIs was one of the most effective treatments 
tested for the control of the onion lly {flylemi/ia antiqua, Mg.) ; a plot thus treated 
yielded 00 lb. of onions compared with 32 lb. from the control plot. A later experi- 
ment (Smith, 1920) gave less successful r<^sults, but when the same mixture was 
applied to cabbage plants to prevent infestation by the root lly {II. hrassicae, Bch.), 
no treated plants were attacked, comparofl with 24 and 30% attacked in the untreated 
plants. Wright (19386), however, using three applications of a 1% dust to onions, 
recorded no improvement over the untreated j)lotsin the percentage of plants surviving 
in July. 

Chloric Acid (HCIO^). 

This substance does not occur in the pure state and is only known in aqueous 
solution and in the form of salts. 

Rainey (1938) reported that favourable results in the control of cabbage root 
ffy (Hyleinyia hra,mcm, Bch., and 11. floraUs, Fall.) have been obtained in Russia 
vvith 1/10% solutions of this substance.' Walton (1940), however, found it ineffective 
for this purpose when ^ ])int of a 1% .solution was a[)|)lied to caulillowers after setting 
out. 

(Mono) Chiornaphthalene (C,oH7Cl). 

a Liquid. S.G. M94at 20'’0. 

^ Crystalline. 

HBMIPTERA. 

Coccidae. 

Saunders (1920) watered acacia plants infested with the root mealybug {Rhizoecus 
tarreMris, Newst.) with a 5% emulsion of mono- chiornaphthalene and killed the 
Coccids without harming the plant. 


ISOPTERA. 

Hockenyos (1939) found chiornaphthalene mixed with soil at the rate of 1/1,000 
was toxic to termites. 

Chloroform (CHCI3). 

Liquid. S.G. 1499 at 15° C. 

Determination (see Daroga and Pollard 1941 6). 

Experiments in Air. 

Tattersfield and Roberts (1920) : of low toxicity (1040). 

Fleming (1925) : minimum lethal dose 796 rag./l. in air. 

Leach and Thomson (1921) found saturated solutions of chloroform in water 
were toxic to larvae of Popillia japonica^ Newm., dipped in them. 
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Experiments in Soil 

HmiPTEBA. 

Cocoidae, 

Saundei’8 (1920) was able to kill mealybugs {Rhizoecus terreatris, Newst.) infesting 
Acacia sp. without harming the plant by injecting 2 cc. chloroform into the soil 
ball. 

Chlorphenol (ClCeH40H). 

ortho- Liquid. S.G. 1*241 at 18° C. 
para- Crystalline. 

Experiments in Air. 

Tattersfield and Roberts (1920) : both highly toxic (0). 

Chlorpicrin (see p. 31). 

(Mono)Chlortoluene (ClCgH4CH3). 

Liquids. S.G. ortho- 1*085 at 18° C. ; mota- 1*072 at 20° C. ; para- 1*071 at 
18° C. 

Experimmts in Air. 

Tattersfield and Roberts (1920) : of low toxicity (120). 

(Mono)Chlorxylene (ClCeH3(CH3)2). 


Experiments in Air. 

Tattersfield and Roberts (1920) : of uncertain toxicity. 

Coal Tar Distillates (see p. 33). 

Cobalt Compounds. 

Lipp (1929) tested the oxide, arsenite, and phosphate of cobalt and also potassium 
cobalti nitrite as soil insecticides for Popillia japonica, Newm., larvae. Applied 
in fiower-pots at the rate of 1,500 Ib./ac. (168 gm./sq. m.) they were all ineffective. 

Copal Oil. 

Saunders (1926) obtained some success in the control of the mealybug {Rhizoeevs 
terrestris, Newst.) by watering on emulsions, and with 2 cc. injections, in small 
pots. 

Copper Sulphate (CUSO4 , 5 HaO). 

Crystalline. 

Experiments in Water. 

Leach and Thomson (1921) found a 5% solution was not toxic as a dip to PopiUia 
japonica, Newm., larvae. See also Speyer (1923 a) under Ammonium Carbonate. 
Miles (1929) suggests that it is a useful control for slugs. 

For other Co|)per Compounds see Paris Green jj. 71, Arsenates p. 72, Borates p. 75 
Fluorides j). 95. 


Corrosive Sublimate (see Mercuric Chloride, p. 106). 
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Cotton Seed Oil. 

This has principally been used as a medium for the application of various toxic 
agents in the control of the peach tree borer. See Snapp (1932) and Chandler 
(1939). 

Creosote (see p. 37). 

Cresol (see p. 35). 

Crotonaldehyde (CHgCH : CH . CHO). 

ExperimeTUs in Air. 

Lehman (1933) recorded the median letlial dose (50% kill) to the wirewoj’in, 
Phekies californicus, Mannh., as 0-74 mg./I. for a five-hour exposure, and 42-4 times 
as toxic as carbon disulphide. 

Cryolite. 

Cryolite is a complex naturally occurring compound of aluminium and sodium 
fluorides. 


LEPIDOPTERA. 

Crambidae. 

Bohart (1940) obtained a good kill of the sod-webworms, Cmmhus hofiifalellas, 
Hulst, &nd G.sderry ell lUi, Klots, with applications of 5 lb./ 1 ,000 sq. It. (24 gm./sq. m.), 
but the treatment severely burned the lawn. 

OOLEOPTBRA. 

iScarabaeidae. 

Fleming (1942) obtained only low kills of Popillia japonica, Newm., grubs in i)ot 
experiments with rates of application up to 2,000 Ib./ac. (224 gm./sq. m.) for an 
exposure of two weeks. 

Cyanamide (see Calcium Cyanamide, [). 78). 

Cyanides (see Calcium Cyanide p. 12, Sodium (Cyanide p. 02 ; see also Potassium 
Cyanide p. 124, Hydrogen Cyanide p. 99, Methyl Cyanide p. 113, Mercury 
Cyanide p. 111). 

Cymene (CHg . CeH 4 . CH(CH 3 ) 2 ). 

Liquid. S.G. 0-858-0-865. Occurs in the oils of thyme and eucalyptus. 
Experiments in Air, 

Tattersfield and Roberts (1920) para- : of uncertain toxicity. Fleming (1925) 
meta- : minimum lethal dose W mg./l. in air 1,000 gm./l. in water. 


Derris. 

Derris root or powder is the product derived from the roots of plants of the genus 
Derris. It is a well-known and widely used insecticide. The most important 
toxic principle in these roots is rotenone, though other substances more or less 
toxic also occur with it. Rotenone is now known to be present in other plants, 
e. g., Lonchocarpus. For a general survey of recent work on this subject see Shepard 
(1939). References to the use of the ground root, crude extracts and rotenone 
itself are for convenience included under the same heading. 
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LKPIDOPTEBA. 

Crambidac. 

North and Thompson (1933) found a rotenone- containing siibstanco ap[)]ied as 
a spray to lawns at the rate of 1| U.S. pints in 111 U.S. gals, water/ 1, 000 sq. ft. 
(8 cc./sq. m.) had only a slight effect on Crarnhus sp. and not sufficient to be a 
satisfactory control. Bohart (1940) obtained kills approaching 100% of C. boni- 
JaieUus, Hulst, and C. sperryellus^ Klots, on lawns in California with 1 U.S. gal./ 
sq. yd. of a 1/400 dilution of a derris extract (11 cc./sq. m.). 

COLBOPTEBA. 

Scarabaeidae. 

Wolters (1934) found applications at the rate of 100-200 Ib./ac. (11-22 gm./sep ra.) 
of derris powder to the top 2 ins. (5 cm.) of soil in boxes had no effect on the larvae 
of Anomala orientalis^ Waterh. Fleming (1942) obtained nearly 80% kill of Japanese 
beetle larvae in pot experiments with applications at the high rate of 8,000 Ib./ac. 
(900 gm./sq. m.) with derris alone, but when hme at 2,000 Ib./ac. was added at the 
same time the kill dropped to about 24%. Similar low kills were also recorded 
even for chemically pure and commercial rotenone at the same rate (900 gm./sq. m.). 

Curculionidae. 

F. F. Smith (1932) stated that derris extract in varying concentrations was 
without effect on third- and fourth-instar larvae of the black vine weevil {Otiorrhyn- 
chits sulcatus, F.) and killed the primulas and cyclamens on which they were feeding. 
English and Graham (1938) only obtained low kills (10-23%) of larvae of the white- 
fringed beetle {Pantmiorus kucolmia, Boh.) when soil balls containing the larvae 
were immersed for 15 minutes in a pine-oil derris extract, derrisol, or cub6 root. 

niPTBRA. 

Cecidomyiidae. 

Mlihlow and Sjdberg (1937) recorded no reduction in the infestation of wheat 
gall-midges {Conlarinia tritici, Kby., and iiitodiplom mosellanay Geh.) after the 
soil had been dusted with derris powder or sprayed with rotenone solution to control 
the hibernating larvae. 

Bibionidae. 

Edwards (1941) obtained 92-95% kill of larvae of the fever lly {Dilophm febr.ilis, 
L.) in lawns with the application of 1 gal./sq. yd, of a derris suspension containing 
0-0054% rotenone (30 gm. rotenone/sq. m.). There was no injury to the herbage. 
98-99% kills were obtained when a pyrethrum extract was added to the derris 
suspension to give a pyrethrin I content of 0-001 %. 

Psilidae. 

By applying derris at 15 lb./ac.(l-7 gm./sq. m.) to carrot rows to control the 
carrot fly {Fsila rosae, F.), Gorham (1934) reduced spring injury by the larva 
from 34% in the controls to 2*2% in the treated plots, and autumn injury from 
51 to 31 %. K. M. Smith and Wadsworth (1921) reported 95% carrots not attacked 
by the fly on plots treated with several a])plications of a mixture of soot and derris, 
whereas only 20% of the plants in the control plots were unattacked. 

Anthomylidae. 

Brittain (1921) found the application of a mixture of equal parts of derris and 
clay apphed to newly-set-out cabbages effectively protected them from attack 
by the root fly {Hylemyia brassicae, Bch.). Applied as a suspension at 1^ and 
3 Ib./lOO gals, somewhat variable results were recorded. Derris did not appear to 
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have any ettcct on the lully grown larvae. He attributed unsatisfactory results in 
the following season (Brittain 1922) to using old stock. K. M. Smith and Wadsworth 
(1921) treated onions with a mixture of soot and derris powder to control attack by 
the onion fly {Hylemyia arUiqim, Mg.) and obtained flO% onions on the treated plots 
free from attack. Soot alone only resulted in 16% unattacked plants. 

Summary. 

Derris has not been successlul in the control of Coleopterous larvae, but satis* 
factory results have been recorded with some other insects. It can hardly be con- 
sidered as a suitable soil insecticide. 

Diacetyl o-Phenylenedlamlne (C 6 H 4 {NH . CO . CHa)^). 

OOLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0*66% by weight was toxic to Popillia 
japonicUf Newm., larvae for a three-weeks’ exposure. 

2:4-Diamlno Chlorbenzene (CgHalNHaljjCl). 

COLBOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0‘23% by weight was toxic to Popitlia 
japonica, Newm., larvae for a three-weeks’ exposure. 

Diamyl Phenol (CaH3(C5Hii)20H). 


ISOPTERA. 

Hockenyos (1939) found soil mixed with 0*5% by weight of tliis substance was 
toxic to termites. 

p-Dibrombenzene (CeH^Bia). 

Crystalline. 

LBPIDOPTERA. 

Aegeriidae. 

Peterson (1923 a) stated that tliis was not a very eflicient insecticide for the 
peach tree borer [Aegeria exiliosa, Say), though he obtained kills of 96 and 85% with 
\ and 1 oz. appheations per tree. 

Dlbromnaphthalene (CioH^Bra). 


OOLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0-16% by weight of this substance was 
toxic to Popillia japonica, Newm., larvae. 

2 : 4-DichloraniUne (NHaCeHaClj,). 

Crystalline. 

OOLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0*16% by weight was toxic to Popillia 
japonica, Newm., larvae for an exposure of two weeks. 
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0-Dichlorbenzene (C8H4CI2). 

Liquid. 8,G. 1 -325 at 0"* 0. Often abbreviated to O.D.G B. 

Tiiis substance has geneiaily only been used ex])ennicutally. it is incouv(*inent 
to iiandle and appears to be very toxic to ])laiits. Out of 1 1 reb'reiices dealing with 
its application to growing [)iaiits, six authors stated that more or less severe injury 
to the plants occurred. Mungomery (1932) found O.D.C.B. considerably reduced the 
yield of sugar-cane. 

Experivimta in Air. 

Tattersfield and Rob(i ts (1929) : moderately toxic. 

I'halenhorst (1937) recorded 319 nig./l. for 72 hours as the minimum lethal dose 
for third-instar larva(5 of the cockchafer {Meblontha hippocastani, F.). 

Experments in Soil. 

ISOPTBRA. 

Hockenyos (1939) found O.D.C.B. mixed with a standard soil in the proportion 
of 1 part to 200 was toxic to termites. 

HBMIPTBRA. 

Coccidae. 

Hosui and Shafik (1935) found O.D.C.B. at 2-19 gm./jdant gave 97 100% kill of 
the mealybug, Pstudocoeem hrevipes, Ckll. 

LBPIDOPTERA. 

Aegeriidae. 

Peterson (I923u) recorded 1 tl. oz. per tree (18 gm.) as giving kills of peach trei' 
borc'r {Algeria txUiom, 8ay) ranging from 92 to 84%. Lhe treatment, howtwer, 
resulted in considerable dartuige to the trees. 


COLEOPTERA. 

Scarabaeidae. 

Jarvis (1930 a and b) obtaimd a complete kill of cane beetle grubs {Dermolcpida 
alhohirtmn, Waterh.) with 7 eo. injections of O.D.C.B. per stool, but th(^ plant was 
also killed. Chigaix'v (1932) recorded kills of 92 and 99% of 8earabaeid larvae 
in pine forests with O.D.C.B. ap])lied in holes 20 ins. (50 cm.) aj)art with 40 gm. 
and 80 gm. doses, respectively (190 and 320 gm./sq. m.). Bennett (1940) applied 
emulsions of O.D.dB. to small grass })lot8 artificially infested with grubs of Phyllo- 
pertha horticola, L. Strengths of 0-48 and 1-28% killed 45 and 100% of the grubs 
respectively, but the weaker concentration resulted in slight, and tlio stnmger in 
severe, injury to the grass. 

Elateridae. 

McDougall (1934) found O.D.C.B. applied at 9(M) Ib./ac. (97 gm./s(j. m.) close to 
sugar-cane sets inelfective for controlling Laxon variability Cand., and also injurious 
to the plant. 

Curculionidae. 

Schwardt and Lincoln (1940), experimenting in the control of the alfalfa snout 
beetle [Otiorrhynchus lignstici, L.), found injections of 36 cc., 9 ins. (15 cm.) deep, 
at the rate of 3,737 Ibs./ac. (420 gm./sq. m.), only killed 9-5% of the larvae within 
six days, but 79% were dead at the end of four weeks. Injury was caused to the 
lucerne. 
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Jhryaomclidae. 

Weij^el and Doiiciotlx' (1922) siattMl that was promising in the control 

)f .strawberry rootworrn {Pavia canella, F.) on ro.se.s, giving 52% kill at the highest 
tolerated dose of 3 cc. [)er plant. 


DIPTERA. 

fipnlidae. 

Dawson (1932) gave details of an O.D.C.D. (anulsion for the control of leather- 
ackots. It consists of O.D.C.B, lO parts by volunn^ ; sodium ok'ate, 10% solution, 
t ])arts ; Jeyes fluid, 4 parts, all diluted 1/100 and ap])lied at 1 gal./s<i. yd. (27 gmi./ 
up m.). This remedy does not kill them all but brifigs them to the surface, from 
kvhi(;h they can be removed. The treatment has been widely used and [)rovcd 
mccessful on golf greens and other lawns. 

Bibionidae. 

Edwards (1941), using this same emulsion, obtained ()9-4-74-7‘'o kill of the fever 
:ly {Dilo'phus febriliSy L.) in lawns. 

Psilidae. 

K. M. Smith and Wadsworth (1921) used O.D.CIB. mixed with dry sand at 

1 oz./sq. yd. (34 gm./sq. in.). This was ineftective in destroying or repelling the 
Liarrot lly {Pdla rome, F.), as only 20% (‘lean carrots r(‘sulted. 

Summary. 

The rates tested range between 30 and 400 gm./s(p m., but only occasionally 
have successful results been reported. 

o-Dichlorbenzene applied in Solvents. 

MungOMK'ry (1931) obtained 83-7% kill of sugar-(.‘ane grubs {Psnalladophylk 
furfiiracta, Burm.) with 4*8 ee. per .stool ot a solution ol 1 part ol 0.1). C.B. in 

2 parts of carbon disulphide. Severe injury to the plant resulted. 


Mixtures of Dichlorbenzenes. 

COLEOPTKRA. 

Elatcridac. 

Ladell (1938) used 500 Ib./ae. (03 gm./sq. m.) of a proprietary mixtuie of dichlor- 
benzenes and obtained 09% reduction in the wireworm {Agriotes .sp.) populatic^n in a 
lield experiment compared with a reduction of 23% in the control. A similar mixture,, 
but containing more O.D.C.B., at 800 Ib./ac. (88 gm./sq. m.) gave a 02% reduction 
compared with 1 % reduction in the controls. 

Polychlorbenzenes. 

These are mixtures containing various amounts of chlor- and diehlorbenzenes. 
They appear only to have been used in Russia, where they are known as [)oly chlorides, 

OOLBOPTERA, 

Scarabaeidae. 

Kostenko (1930) obtained complete mortality of larvae of Polyphylla fullo, L., 
with poly chlorbenzenes placed in holes 8 ins. (20 cm.) deep and 14 ms. (35 cm.) 
apart at 10 gm./hole (equivalent to cwt./ac. or 80 gm./.sq. m,). The same re.sult 
was obtained when the dose was 20 gm./hole, 28 ins. (70 cm.) apart (3J cwt./ac. or 
40 gm./sq. m.). Severe injury and death resulted to some seedlings when the soil 
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was treated at the time of planting, but soil treated the preceding year was safe. 
Golovyanko (1933 and 1935) gave details of the relative toxicity of various types of 
polychlorbenzenes to 8carabaeid larvae (mainly P. fullo, L., and Melohntha hippo- 
castani, F.). The brownish yellow (06% O.D.C.B.) and dark polychlorbenzenes 
(39% O.D.C.B., 39% P.D.C.B.) gave good results (100% kill) at 500 ib./ac. (56 gm./ 
sq. m.) applied in 1 oz. (28 gm.) doses in holes 28 ins. (70 cm.) apart and 8-12 ins. 
(20-30 cm.) deep. 93-96% kill was obtained with 0-2 oz. (6 gm.) doses 14 ins. 
(35 cm.) apart (364 Ib./ac. or 40 gm./sq. m.). Pines 2-5 years old were not injured 
unless the substance was very close, but seedlings and young deciduous trees were 
injured. 

The light brown and colourless polychlorbenzenes containing 66 and 52% chlor- 
benzenes were only efiectivo at higher dosages, and the greenish polychlorbenzenes 
had no toxic elfect. Krasnyanskh (1937) also found vines were injured by soil 
treatment with polychlorbenzenes, although complete control of cockchafer larvae 
{Meblmtha sp.) was obtained with 10 gm. doses 20 ins. (50 cm.) apart (40 gm./ 
sq. m.). 

p-Dichlorbenzene (see p. 41). 

Dichlorethyl Ether (see p. 49). 

Dichlorethylene (CHCl ; CHCl). 

Liquid. 

Experiments in Air. 

Tattersfield and Roberts (1920): of low toxicity (3100). Fleming (1925) 
minimum lethal dose 796 mg. jl. 

Diethyl Carbinol (see Amyl Alcohol, p. 69). 

Dihydroxyanthraquinone (see Alizarin, p. 66). 

2 : 4-DichIor-6-Nitroanmne (CeH^NH^ . NO-, . Cl.,). 

COLEOPTEBA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0-16% by weight was toxic to Popillia 
japonica, Newm., larvae for an exposure of one week. 

Dichlorpentane (CgHigClg). 

ISOPTERA. 

Hockenyos (1939) found soil mixed with 0-1% by weight of a dichlorpentane 
distillate was toxic to termites. 


LBPIDOPTERA. 

Aegeriidae. 

Chandler (1936 and 1939) obtained 70 and 95% kills of peach tree borers {Aegeria 
exitiosa, 8ay) with applications to the trees of 1 and 2 11. oz., respectively. 

2 : 4-Dichlorphenol (ClaCeHjOH). 

Experiments in Air. 

Tattersfield and Roberts (1920) : highly toxic (1‘8). 

Dimethyl Amine ((CHgjjNH). 

Gas. 
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Experiments in Air. 

Tattersfield and Roberts (li)20) : moderately toxie (22). 

Dimethyl Aniline {CgH 5 N(CH 3 ) 2 ). 

Liquid. S.G. 0*958 at 20“ C. 

Tattersfield and Roberts (1920) : bigbly toxic (G-fi). 

Dinitrobenzene (CeH4(N02)2). 

Crystalline. 

Tattersfield and Roberts (1920) : non-toxic. 

Tleming (1925) found the nieta- form non-toxic at over 79G mg. /I. 

Experiments in Soil. 

COLEOPTERA. 

vScarabaeidae. 

Fleming (1928) found soil mixed with 0*10% by weight of the meta- form toxic 
to Popillia japonica, Newm., larvae for an exposure of one week. 

Dinitro o-Cyelohexyl Phenol (CgHn . CgH2(ClH)(N02)2). 

LEPIDOPTBRA. 

Crambidae. 

Rohart (1940) obtained approximately 70% kill of tlu* webworms {Crambus 
bonijatellus, Hulst, and C. sperryellus, Klots) with 1/1,000 dilution at 1 U.S. gal./ 
sq. yd. (5 cc.)/sq. m.). 

1 : 5-Dinitronaphthalene {CioH8(N02)2)- 

Crystalline. 

Experiments in Air. 

Fleming (1925) : non-toxic at 790 mg,/l. 

2 : 4-Dinitrophenol (0HC8H3(N02)2)- 

Crystalline. 

COLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0*10% by weight was toxic to Popillia 
japonicay Newm., larvae for an exposure of one week. 

Dinitrotoiuene (CHg . CeH3(N02)2)- 
Crystalline. 

COLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0*10% by weight was toxic to Popillia 
japonica, Newm., larvae for an exposure of two weeks. 

Diphenyl {C,R,.C,R,). 

Oystalline. 

Experiments in Air. 

Fleming (1925) . non-toxic at over 796 mg./l. 



COLBOPTBRA. 


IScarabaeidae. 

Fleming (1928) found soil mixed with 0-16% by weight was toxic to Popillia 
japonica, l^ewm., larvae for an exposure of one week, 

Diphenylamine ((C(jH5)2NH). 

Crystalline, 

Experiments in Air. 

Tattersfield and liobcrts (1920): non-toxic. 

Experiments in Soil. 

ISOPTERA, 

M. W, Smith (1939) found sand mixed with 0*01% by weight of diphenylamine 
was toxic to termites and remained effective for live months, 

COLEOPTBRA, 

Scarabaeidae, 

Fleming (1928) found soil mixed with 0-16% by weight was toxic to Pojdllia 
japoniait Newra,, larvae for an exposure of two weeks. 

/ /OH, 

Epichlorhydrin ( 1 

\ ^CH , CH,C1 

Liquid. S.G. L203 at 0° C. 

Experiments in Air. 

Lehman (1933) recorded 0’79 nig,/l. for a live-liour exposure as tlu; median 
lethal dose (50% kill) for the wireworm, Phelctes californicus, Mannh. ; it was 39*8 
times as toxic as carbon disulphide. 

Experiments in Soil. 

COLEOPTERA. 

(Scarabaeidae. 

Bell (1935) reported that epichlorhydrin was less toxic than carbon disulphide 
to the sugar-cane grub, Dermolepida aWohirtum, Waterh. 

Ether (C^H^ . 0 . CaH^). 

Liquid. 8.G. 0-719. 

Experiments in Air. 

Fleming (1925) ; minimum lethal dose 796 mg./l. 

Ethyl Alcohol (C2H5OH). 

Liquid. S.G. 0*789 at 20" C. 


COLEOPTERA. 

Elateridae. 

Wilson (1940) tested 96% alcohol as a check in experiments in which it was used 
as a solvent for other substances ; applied in holes 3 ins. (7*5 cm.) deep and 6 ins. 
(15 cm.) apart at 3 cc. per hole (100 gm./sq. m.), it had no effect on wireworms 
{Mehnotus communis, Gylh.) in seed beds. 



Ethylamine (CaHgNHa). 

Liquid. S.G. 0-689. 

Experiments in Air. 

Tattersfield and Roberts (1920) : moderately toxic (22). 

Ethyl Formate (H.COOCjHg). 

Liquid. S.G. 0-917. 

Experiments in Air. 

Lehman (1933) recorded 16-65 mg./l. as the median lethal dose (50% kill) for 
the wireworm, Pheletes calif ornicAis, Mannh., for a five-hour exposure; it was 1-9 
times as toxic as carbon disulphide. Fleming (192S) found it Tuore toxie than carbon 
disulphide to Popillia japonica, Newm., larvae. 

Ethylene Chlorhydrin (CH2CI .CHaOH). 

Liquid. S.G. 1-24 at 8° C. 

Experiments in Air. 

Lehman (1933) recorded 0-24 mg./l. as the median lethal dose (50% kill) for a 
five-hour exposure for the wireworm, Phdefc.s califnrmcmy Mannh. ; it was I3l-fl 
times as toxic as carbon disulphide. 

Experiments in Soil. 

COLBOPTBBA. 

Scarabaeidae. 

Bell (1935) found it less toxie than carbon disulphide to the sugar-cane grub, 
Dermolepida albohirtum, Waterh. 

Ethylene Bichloride (CH2CI . CHaOl). 

Liquid. S.G. 1-257 at 20° C. 

Experiments in Air. 

Lehman (1933) recorded 24-48 mg./l. for a five-hour exposure as the median 
lethal dose (60% kill) for the wireworm, Pheldes cMlifornicus, Mannh. ; it was 1-3 
times as toxic as carbon disulphide. 

Experiments in Soil. 

THYSANOPTBKA. 

Richardson and Nelson (1933) found a 1/750 emulsion applied to gladiolus corms 
the day after setting them out, at the rate of 1 U.S. gal. per .50 conns, was ineffective* 
for the control of gladiolus thrips (Taeniothrips gUidioli, Mlt. & Stwn.). 


HEMIPTERA. 

Aphidae. 

Chandler (19406) found 10 and 20% emulsions applied at J U.S. pint (12-14 cc.) 
per tree ineffective for the control of the black peach aphis {Anuraphis persicae- 
niger, Smith) on peach trees. 
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LEPIDOPTBBA. 

Aegeriidae. 

Aegeria exitma, Say (Peach Tree Borer), 

Snapp and Thomson (1934 «) obtained promising results in the control of the 
borer with doses of 1-2 fl. oz. (30-60 cc.) per tree. Later (1936) they found emulsions 
were more effective, and used an emulsion consisting of 9 parts by volume of ethylene 
dichloride and 1 part of potash fish-oil soap containing about 70% water. Doses 
of U.S, pint of 5-20% dilution of the stock emulsion per tree were recommended 
according to its age (Snapp and Thomson, 1936; Snapp, 1938; Chandler, 1939). Less 
damage was caused to young trees, especially in the warmer areas, than by p-(lichlor- 
benzene, and the treatment was also slightly cheaper and could be applied more 
expeditiously as a spray to the base of the tree (Snapp, 1939 h). According to this 
author, mounding the bases of the trees, as was normally practised for paradichlor- 
benzene, was also unnecessary, but Chandler (1940 «) advised mounding for autumn 
treatments. When the treatment was adopted commercially, it caused injury to 
the trees in certain districts. This damage was investigated by Worthley and 
Steiner (1942), who stated that it appeared to be associated with certain soil and 
seasonal conditions, but they were unable to account for it entirely, 

A. opalescens, Edw. (Prune Root Borer). 

Jones (1940/d obtained 100% kill of the prune root borer with | U.S. pint of a 
25% emulsion poured around the base of the trunk and mounded. Sprayed on, it 
was not quite so effective, giving 79% kill when mounded and 61% not mouiidetl. 

COLEOPTERA. 

Scarabaeidae. 

Bell (1935) found it less effective than carbon disulphide for the control of Demo- 
lepida albohirtum, Waterh., grubs attacking sugar-cane. 

The Addition of other Substances to Ethylene Dichloride, 

Walker and Anderson (1937) applied a mixture of 75% ethylene dichloride 
and 25% carbon tetrachloride to control pavement ants {Tetramorium. emspitum, 
L.) attacking egg-plants, but the treatment resulted in the death of the plant. 

Ethylene Oxide (C2H4O). 

Gas or liquid. S.G. 0*897 at O'* C. Boiling point 14° C. 

ExperimenUi in Soil. 


COLEOPTERA. 

Scarabaeidae. 

Osburn (1931) obtained 100% kill of Popillia japonica, Newm., larvae in soil 
balls of 6 ins. (15 cm.) diameter with 2 lb. ethylene oxide per 1,000 cu. ft. of air for 
an exposure of three hours, or 7J lb./l,000 cu. ft. for two hours. Soil balls 14 ins. 
(35 cm.) in diameter required 10 lb./l,000 cu. ft. for three hours. 

Ferric and Ferrous Salts (see Arsenates, p. 72). 

Fish Oil. 

Experiments in Soil. 

COLEOPTERA. 

Elateridae. 

Zappe (1922) tested a fish-oil emulsion (4 oz. soap, 4 oz. fish oil, 1 U.S. quart 
water) as a remedy for wireworms attacking tobacco seedlings, but found it 
ineffective. 
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Fluorides. 

Fluorides are the salts of hydrofluoric acid. For convenience they are dealt 
with together. Both these and the fluosilicates have proved promising as stomach 
insecticides. 

Experiments in Water. 

Leach and Thomson (1921) found 1-10% solutions of potassium fluoride useless 
as dips for Popillia japonica, Newm., larvae. 

Experiments in Soil. 

COLEOPTERA. 

Scarabaeidae. 

Leefmans (1915) only recorded two dccid cassava grubs {Leucopholis rorida, F., 
and Lepidiola stigma, F.) out of eight in soil watered with a 1/10% solution of sodium 
fluoride. Lipp (1929) obtained unsuccessful results in the control of Popillia 
japonica, Newm., larvae in pot experiments using the fluorides of aluminium, 
barium, calcium, copper, lead and zinc-ammonium at the rate of 1,500 Ib./ac. 
(168 gm./sq. m.). Fleming (1942) also te,sted the toxicity of the fluorides of alu- 
minium, barium, calcium, copper, lead, magnesium, strontium and zinc to Popillia 
japonica, Newm., larvae in pot experiments at rates up to 2,000 Ib./ac. (224 gm./ 
sq. m.) and found them all non-toxic (survival rates about 70-90%). They w<5ro 
also not detrimental to plants. (See also Cryolite, p. 85). 

Fluosilicates (Silicofluorides). 

Shepard (1939) gives some chemical and physical details of these compounds. 
Experiments in Soil. 

ISOPTERA. 

Kofoid (1934) reported that ground treated with 5 and 10% solutions of mag- 
ncRium flnosilicate at 10 U.S. gala, por 100 s.,. ft. (204 anO 40S g.n./s,,. ni.) r™i.ain.>(l 
free from termites for over a year, whereas tlie surrounding untreated ground was 
infested. 


OOLEOPTEEA. 

Scarabaeidae. 

Lipp (1929) tested the toxicity of barium, calcium and sodium fluosilicates to 
larvae of the Japanese beetle in pot experiments at 1,500 Ib./ac. (168 gm./sq. m.). 
The barium and sodium salts were effective and grasses grew normally in the trrotwl 
plots Fleming (1942) in similar tests found Ireahly applied sodium fluosihoate to 
be even more effective than acid lead arsenate ; the fluosilicates of barium and 
potassium were about the same as lead arsenate but that of m^nesium was loss 
Calcium fluosihoate was non-toxic up to 2,000 Ib./ac. (224 gm./sq. m.). None of 

them was of any value after six months. ... . . « , .u 

Metzger (1933) mixed soil in a glasshouse with banum fluosiheate to a depth 
of 6 ins (15 cm.) at the rate of 3,000 Ib./ac. (336 gra /sq. m.). In the following 
winter only two Japanese beetles emerged from the plot thus treated out of .1W) 
third-instar larvae previously placed there, compared with 214 cmergmg from the 
control plot. Niehol (1935) obtained 85% kifl of larvae of the fig beetle (Colmta 
texana, Casey) by applying 1* lb. sodium fluosihoate to a plot 20 ft. square (18 gm 
sq. m.) in one experiment, but the substance was not rehable. ^iswand^er (1936) 
obtain^ only 32% kiU of the white grub, ^Jimsterna Airtmuto Knoc^with a 
proprietary chemical containing 80% barium fluosihoate applied at 5 IhJUm aq. ft. 
(25 gm./sq. m.), whereas lead arsenate applied at the same rate gave 77% kill. 
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Elateridae. 

Headlee (1927) recorded wireworms surviving in soil containing 1% of oalciu; 
fluosilicate. McDougall (1934) found sodium fluoailicato inelfective as a contr* 
measure for the Queensland sugar-cane wireworm, Lacon variahilis, Cand. 


DIPTIBA. 

Chironomidae ? 

Fulton (1933) was unable to control midge larvae in tobacco seed beds witi 
applications of barium fluosilicate. 

Psilidae. 

Gorham (1934) reduced spring injury to carrots by the carrot fly, Psila rosae, 
F., from 34% in controls to 4% in plots treated wtili soium fluosilicate at 400 Ib./ao. 
(45 gm./sq. m.). Autumn injury was reduced from 51% to 25%. 

Anthomyiidae. 

In an anonymous publication (New York, 1928) it was found that an aqueous 
solution of sodium fluosilicate at 1/250 was one of the best substances out of many 
tested for the control of the cabbage root fly {Hykmyia brassicae, Beh.). 

Formaldehyde (H.CHO). 

Colourless gas, normally used dissolved in water as 40% solution and containing 
about 15% of methyl alcohol. This mixture is known as formalin. It has proved 
particularly useful as a soil fungicide, but appears to be of very little value as an 
insecticide. As a sterilising agent for glasshouse soil, 1 gallon of 40% formaldehyde 
diluted with 49 gallons of water is applied to 10-18 sq. yd. (545-305 gm./sq. m.) 
(Bewley, 1935). 

ExperimrUs in Air. 

Fleming (1925) : minimum lethal dose 44 mg./l. 

Experiments in Soil. 

COLEOPTEEA. 

Scarabaeidae, 

Blake and Connors (1914) obtained 60% kill of white grubs [Lachnosterna sp.) 
in glasshouse soils by saturating the soil with a 1/76 solution. A second application 
of 1/50 killed more. Leach and Johnson (1925) watered the roots of perennial 
plants infested with Japanese beetle larvae with a 5% solution ; the grubs were 
unaffected but the plants were killed ; grubs in soil balls were killed when these 
were dipped in the solution for two hours. Fleming (1928) stated that the gas 
did not penetrate the soil at all, as it was absorbed by the surface layers, 

Elateridae. 

RusseU (1920) reported that formalin was of no value for controlling wireworms 
{Agrioies sp.) in the soil. 

Curoulionidae. 

English and Graham (1938) also found a 37% solution of formalin ineffective 
for the control of larvae of the white-fringed beetle {Pantomoms leucohma. Boh.) 
when soil balls containing this insect were immersed in the solution for 15 minutes. 


Furfural(dehyd0) (C^HgO.CHO). 
Liquid. S.G. M69 at 20" C, 
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Experiments in Air. 

Fleming (1925) : minimum lethal dose 44 mg./l. 

Experiments in Soil. 

According to Fleming (1928), furfural does not penetrate the surface of the soil 
and is probably absorbed by the surface water. 


LBPIDOPTERA. 

Aegeriidae. 

Peterson (1923 a) obtained negative results in the control of the pcach-tr(n» bore?' 
{Aegeria exitiosa^ Say) with J-oz. applications per tree. 


COLEOPTBRA. 

Scarabaeidae. 

Leach and Johnson ( 1925) found 3% solutions ineffective for treating soil around 
the roots of perennial plants infested with Japanese beetle larvae. 


Gas Lime (see also Calcium Sulphide). 


Lime was formerly used for removing liydrogeii sulphide and carbon dioxide 
from the crude coal gas as it issued from retorts. As it became saturated, the lime 
was replaced and the waste product was known as gas lime or “ blue billy When 
fresh it had an unpleasant smell largely due to the calcium sulphide (p. 80) it con- 
tained. Voelcker (1880) gave the following analysis of a sample kept long enough 
to be used as a fertiliser and dried at 21 2'" F. When fresh, the amount of wat(;r 
varied between 30 and 40%. 

% 


Water of combination and organic matter 7 ’24 

Oxides of iron and alumina with traces of phosphoric acid 2-49 

Sulphate of lime 4 >64 

Sulphite of lime 15'19 

Carbonate of lime 49-40 

Caustic lime 18-23 

Magnesia and alkalis 2-53 

Insoluble siliceous matter 0-28 


In this sample the calcium sulpliide has already been oxidised to the sulphite 
and sulphate. For use as lime or a fertiliser Voelcker recommended applications of 
about 2 tons per acre. Ormerod (1890) also recommends it at this rate as an 
insecticide for various soil posts. 

Experiments in Soil. 

COLEOn’ERA. 

Scarabaeidae. 

Theobald (1927) reported that it was unsuccessful in controlling cockchafei' 
larvae {Melolonthd melolontha, L.) on grassland. 

Elateridae. 

Comstock and Slingerland (1892) found it was effective against wire worms 
if used fresh in large quantities, but its usefulness soon disappeared. 


Gas Liquor (see Ammonia, p. 67). 
Gasoline (see Petroleum Oils, p. 121). 

Guano. 

A phosphatic fertiliser, 
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OOLEOPTBBA. 

Chrysomelidae. 

Feytaud (1938) found applications of 1,200 kg./lia. (120 gm./sq. m.) caused appre- 
ciable reductions of Colorado beetle larvae {Leptinotarsa dece/mliMaia^ Say) in pot 
experiments. 

Hellebore. 

Commercial powdered hellebore is made chiefly from the white hellebore {Veratrurn 
album, Liliaceae) which grows in the mountains of central and southern Ruro]>p. 
The parts of the plant used are the rhizomes and rootlets (Shepard 1939). As a 
general insecticide it is used as a dust or as a decoction. It (leteriorates very rapidly 
when exposed to the air and should always be used fresh. 

Experiments in Soil. 

JiEPIDOPTBRA. 

Noctuidae. 

Hawley (1918) found one or two handfuls of a mixture of one part of hellebore 
and four parts of lime per hill had no effect on the hop borer {Hydroecia immanis, 
Gn.). One U.S. pint of a decoction of 5 oz. hellebore in 2| U.S. gals, water was 
equally inefficient. 


OOLBOPTERA. 

Scarabaeidae. 

Jarvis (1916) obtained negative results in the control of the sugar-cane grub 
{Dermolepida albohirtum, Waterh.) with a decoction of 1 lb. in 12 gals, water, though 
the failure might have been due to the use of old stock. Fleming (1042) reported 
only small kills (up to about 35%) of Popillia japonica, Ncwm,, larvae in pot e.xpt^ri- 
ments with applications up to 8000 Ib./ac, (000 gm./sq. m). 


DIPTBEA. 

Anthomyiidae. 

Slingerland (1894) found decoctions of 1 oz. hellebore in 1 U.S. gal. water applied 
to cabbage plants were ineffective in controlling root maggots {Hykynyia hrassicae. 
Boh.). Smith and Dickerson (1907) suggested the application of 4-6 fl. oz. per plant 
of a 1/30 dilution of 2oz. hellebore in I U.S. gal. of soapy water for the control 
of cabbage and onion maggots {H. brassicae, Bch., and //. antiqua, Mg.). MacDougall 
(1913) recommended a rather stronger dose of i U.S. pint per plant of 2 oz. hellebore' 
per U.S. gal. Eyer (1922) found it useless as a remedy for onion maggot. 

Heptane (CH3(CHa)jCH8). 

Liquid. S.G. 0-689. 

Experiments in Air. 

Tattersfield and Roberts (1020) : of low toxicity (800). 

Hexaehlorethane (Carbon Hexacblorlde) (CClj.CClj). 

Crystalline. 

Experiments in Air. 

Fleming (1926) : minimum lethal dose in air 124 mg./l. ; in water 167 mg./l. 
Thalenhorst (1937) recorded the minimum lethal dose to cockchafer larvae 
{Melolontha hippocastani, F.) as 166 mg./l. for an exposure of 96 hours, 
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Experimenta in Soil, 
Scarabaeidae. 


COLEOPTERA. 


Thalenhorst (1937) was unable to kill caged cockchafer larvae buried 
deep and 14-25 cm. from 5 gm. injections. 


25 cm. 


Trypetidae. 


DIPTERA. 


Fairly successful results in the destruction of pupae of the cherry fruit-fly 
ktis cerasi, L.) were obtained by Thiem (1934) with 10 gm. hexachlorethane 
to pots 180 sq. cm. in area (555 gm./sq. m.). 


{Rhago- 

applied 


Hexane (CH3(CH2)4CH3). 

Liquid. S.G. 0*660 at 20” C. 


Experiments in Air. 

Tattersfield and Roberts (1920): of low toxicity (3,0(K)). 

Hydrogen Cyanide (Hydrocyanic Acid) (HCN). 

Liquid, boiling at 26° C. S.G. 0-682 at 25° C. 

Pure hydrogen cyanide has been, and is only likely to be, used experimentally 
as a means of studying its effect when given off in the soil from sodium or calcium 
cyanide. A general account of its use as a soil insecticide is given by De Ong (1917). 
He and other workers stress its ineffectiveness in wet soil. 

ExperimerUs in Air. 

Tattersfield and Roberts (1920) : moderately toxic (20). Fleming (1928) 
reported that it was more toxic in air and water to larvae of Popillio juponico 
Newm., than carbon disulphide. ' 

Experimenta in Soil. 

DBRMAPTBRA. 

Mackie (1935) reported that earwigs {Forjicula auricularia, L.) 2 ins. (5 cm.) 
deep in soil exposed to hydrocyanic acid gas were killed ; some of the plants were 
also killed. 


COLEOPTERA. 

Scarabaeidae. 

Sawa (1935) reported that hydrogen cyanide was as effective as chlorpicrin in 
destroying larvae of Anormla rufocuprea, Motsch., in the upper layers of the soil in 
laboratory experiments, but less effective in the deeper layers. 

Elateridae. 

Stone and Campbell (1933) also found its penetrating properties poor compared 
with chlorpicrin in the control of wire worms {Phektes calif omicus, Mannh.) ; 20-25 cc. 
of liquid cyanide in 5-6 U.S. gals, water/sq. yd. (15-18 gm./sq. m.) gave 50-70% kill 
to a depth of 4 ins. (10 cm.), and even lower kills below this depth. 

MISOBLLANBOUS. 

Sasscer and Sanford (1918) found the treatment of soil balls containing various 
species of soil pests with hydrocyanic acid was invariably ineffective if the soil 
was wet ; in dryer soils the treatment was most effective under vacuum conditions, 
but the concentration necessary to kill the larvae also killed plants. 

h2 
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Hydroquinone (Quinol) (CeH4(OH)2). 

Crystalline. 

Experiments in Soil. 

COLEOPTBRA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0-03% of hydroquinone was toxic to larvae 
of PopiUia japonica, Newm., for an exposure of one week. 


isoroDA. 

8peyer and Owen (1924) found one })art of hydroquinone to 227 parts of soil 
gave 100% kill of the cucumber house woodlouse {Arnmdillidiim speym, Jackson) 
within 24 hours, and remained effective for 3-5 days, 

lodobenzene (CeHsI). 

Liquid. 

Experiments in Air. 

Tattersfield and Roberts (1920) : moderately toxic (60). 

Iodoform (CHIj). 

Crystalline. 

Experiments in Air. 

Tattersfield and Roberts (1920) : non-toxic. 

Kalnit. 

Kainit is a complex potassie fertiliser ; the original deposits in Germany have 
been practically exhausted, but the nanu* is .still retained for the lowest giades 
of potassie fertiliser. Its composition is thus not constant, varying with the mine 
and the method of working, ft is so mined that it (Contains the equivalent of 
14-16% potassium chloride (Russell 1939). 

Experiments in Soil, 

LEPIDOPTEBA. 

Nootuidae. 

According to Herold (1020), kainit applied at about 63 gm./sq. m. had a repellent 
effect on cutworms {Agrotis segetum, Schiff.), so that 61% of the population wen^ 
found in a ditch surrounding the treated plot. 


COLEOPTBRA. 

Scarabaeidae. 

Theobald (1927) at 3-6 cwt./ac. (38-76 gm./sq. m.), and Hengl (1935) at 
800 kg./ha. (80 gm./sq. m.) found kainit unsuccessful for the control of cockchafer 
larvae {Melohnlha melolontha, L.). Kaysing (1934), however, obtained 100% kill 
with 12 dz./ha. (120 gm./sq.m.). The kainit was distributed on the surface and 
carried into the soil by rain, so that two or three months elapsed before it was fuUy 
effective. According to Subklew (1936 a and 6) Melolonthid larvae are highly 
resistant to changes in soil solution, and the amount of kainit or other potassie salts 
necessary to bring about effective control would be too expensive and too dangerous 
to vegetation. The same conclu.sioii was reached by Schwertfeger (1936). 
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Elateridae. 

p^mstock arid yiiiigerlaiid (l81)2) at 4-0 U.S. toiis/ac. (000-2.000 gin./yq. ni.), 
Webster (1800) at 2,400 Ib./ac. (270 pi./sq. m.), and Ingram et a/,(1030) at 3(X) Ib./ac. 
(24 gm./sq- HI.), found it to be ineffective against wireworms. Weigand (1024) 
lecornmended finely ground kauiit dug into the soil in wet weather at the rate of 
1)00 kg. /ha. (60 grn./sq. rn.) to control wireworms in sugar-beet Helds. Malenotti 
(1027) ri^tjorded improved results over the controls by applying it to maize at 10 gni 
l)er plant and using 4 quintals/ha. (40 gm./sq. rn.). Hawkins (1036) obtained 
promising results in preliminary experiments at 450 Ib./ac. (50 grn./sip ni.), but 
was unable to repeat the results successfully. He suggested that the inconsistency 
might be due to variation in the compositioii of the substance. 

^ubklew (1038) lists 28 papers in which the authors recommend kainit for wire- 
worm control and 13 papers in which the authors had found it unsuccessful. Langen- 
buch and Subklcw have both attempteil to trace the to.vic principle involved. 
Langenbuch (1033) suggested that its toxicity was due to upsetting the water- balance 
ol the insect, and he found that wireworms were more resistant in winter than in 
summer. Subklew (1034) investigated the relative toxicity of the various ions 
concerned, Hndiiig potassium to be the most toxic of the cations. He stated that 
a 2 % solution was harmful to wireworms (.If/no/c.v sp.), but to pioduci*. this stn'.ngtli 
in a saturated soil it would be necessary to apply 30-40 times the amounts of kainit 
normally used in practice. As this concentration was much higher than that found 
to be necessary by Langenbuch, the two workers carried out joint experiments 
(Langenbuch and Subklew 1934) which showed that the resistance of the larvae 
vari(‘d according to their place of origin. Subklew later (1935) conHrmed this, 
stating that wireworms susceptible to potassic chloride generally canu- from the 
loams and sandy soils of middle, north and south-east Clermany, and tlio resistant 
ones from bog and moorland soils. Thus kainit is only likely to be of value in con- 
trolling wireworms on the former types of soil, and wiU only afford direct control 
when the potassium chloride content is tlie highest possible (Subklew 1936 r). 


DIPTERA. 

Tipulidae. 

Ihompson (1926) found no dead leather] ackets {Tipula sp.) and numerous live 
ones on land treated with kainit at 4 cwt./ac. (50 gm./sq. ui.). 

(Jccidoniyiidae. 

Klee and llademacher (1935) obtained 52-66% control of wheat gall-midge 
larvae {Contarinia Kby., and Sitodiplosin nwaellana, G^h.) by applying kainit 

to the soil after autumn ploughing or in the spring at 6-14 dz./ha. (60-140 gm./sq. m.). 
Miihlow (1936) only obtained 33% kill of these larvae using 800 kg./ha. (80 gm./ 
sq. m.). 

Summary. 

The tested rates range from 30-2,000 gm./sq. m., and only five successful results 
have been reported out of the fourteen experiments cited. 

KeroseDe (Paraffin, Burning Oil). 

Liquid. S.G. approximately 0-8. 

Kerosene is a mixture of paraffins with a boiling range of about 150-300" C. 
It is mainly derived from petroleum oil, and for a very long time has been used as 
a contact insecticide and as a soil fumigant. It is harmful to vegetation, but this 
effect is not very permanent. It is usually applied watered on as an emulsion or 
injected into the soil more or less pure. According to Thiera and Kalandadze 
(1931), it has good spreading properties in the soil, which are somewhat lessened 
when it is used as an emulsion. Leach (1918) found that practically all the kerosene 
in an emulsion was retained by the top 4 ins. (10 cm.) of soil. 



Experiments in Soil. 

ISOPTERA. 

Pomeroy (1927) recommended a stock soap-kerosene emulsion consisting of 
4 gals, kerosene, 1 lb. soap, and 2 gals, water, diluted to 1/9 and applied at 1,350 gals. /ac. 
(OOgm./sq, m.) to kill termites infesting the soil after the destruction of their nests. 


HEMEPTEEA. 

Aphidae. 

Cory (1915), who used 4U.S. gals, of a 10% emulsion per tree, and Leach (1918) 
tested kerosene emulsions for the control of woolly apple aphis {Eriosoma lanigerum, 
Hsm.), and both reported severe injury to apple trees. Leach stated also that it did not 
kill Aphids at lower levels. Marcovitch (1934) also found it worthless. Davidson 
(1917), however, found 10-20% emulsions quite effective for the control of pear 
woolly aphis {E.pyricola, Bak. & Dav.), although 1 U.S. gal, per tree was not sufficient 
to reach the deepest roots, and there was some scorching of surface roots. 


LBPIDOPTERA. 

Crambidae. 

Noble (1932) reported favourably on a stock emulsion consisting of \ gal. 
kerosene stirred into 1 U.S. gal. of boiling water with 1 lb. soap, diluted to 1/50 and 
applied at 1 U.S. gal./sq. yd. (24 gm./sq. m.) for the control of sod webworms in 
turf. Jewett (1939) also obtained high kills (94-95%) at a much higher rate with 
a 1/10 dilution of a stock emulsion containing 2 U.S. gals, kerosene, 1 U.S. gal. 
water and J lb. hard soap, applied at 1 U.S. gal./lO sq. ft. (217 gm./sq. m.). North 
and Thompson (1933) and Stone and Elmore (1937) found applications of about 
the same strength as Noble’s ineffective. 


COLEOPTBRA. 

Scarabaeidae. 

Alwood (1888) found a 1/30 kerosene emulsion, liberally applied, quite successful 
for the control of white grubs {Cotinis nitida, L.). Davis (1920 a), using an 8% 
emulsion, obtained 80% kill of Cotinis grubs in golf greens applying 1 U.S. gal./ 
()"8 sq. ft, (325-490 gm./sq. m.). He also obtained effective control of Japanese 
beetle larvae {Popillia japonim, Newm.) applying 1 U.S. gal./4 sq. ft. (650 gm./sq. m.). 
Nichol (1935), however, found 1 U.S. gal. of an 8% emulsion applied to 400 sq. ins. 
(940 gm./sq. m.) was useles.s for the control of the fig beetle {Cotinis texana^ Casey). 

Elateridae, 

Comstock and Slingerland (1892) found 1 part of kerosene emulsion diluted with 
20 parts of water and applied at about 2 U.S. gals./sq. yd. (450 oc. emulsion/sq. m.) 
was ineffective for the control of wireworms. McDougall (1934) also reported 
that a 25% emulsion applied close to sugar-cane sets at planting time at 1 l./ll yds. 
of row (20 cc./m.) was useless for the control of the wire worm, Lacon variahilis, 
Cand. 

Curculionidae. 

F. F, Smith (1932) stated that kerosene emulsions in varying concentrations 
killed primulas and cyclamens without harming third-instar larvae of the vine weevil, 
Otiorrhynchus sulcatiis, F. In an anonymous publication (New York 1937) it is 
said that infestation of the apple curculio {Tachypterellus qmdrigibbus, Say) was 
reduced by 79 and 91% compared with the previous year by spraying the turf 
below the trees with a 25% emulsion. 
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DIPTBUA. 

Cecidomyiidae. 

Miihlow and Sjoberg (1937) found that kerosene applied to the soil at 2 gals./ 
100 sq. yd<. (9 gm./sq. m.) reduced the percentage of wheat ears infested by gall- 
tnidges {Contarinia tritici, Kby., and Sitodiplosis tnosellana, (Jc^h.) from 10 to 6, but 
caused injury to the plants. 

Psilidae. 

Ironside (1921) mixed kerosene with wood ashes (1 qt. per bushel) and spread 
the mixture over a carrot bed after previously watering it well. The mixture was 
hoed in and a few days later all the carrot fly, Psila rosae, F., grubs around the roots 
were dead. Two bushels covered 300 sq. yds. (7 gm./sq. m.). 

Anthomyiidae. 

llylemyia brasniaie, Bch. (Cabbage Root Maggot). 

More or less successful early experiments in the control of this pest by kerosene 
are described by Cook (1886), who used a 10% emulsion applied at one tablespoonful 
per plant every few days ; by J. B. Smith (1890), who used a stock emulsion con- 
sisting of 2 parts of kerosene to 1 part of water diluted to 1/12 or 1/15, and by Slinger- 
land (1894), who used a similar mixture. Krasnyuk (1931) found no significant 
difference between plants treated with kerosene emulsion and the controls. 

H. ardiqua. Mg. (Onion Fly). 

K. M. Smith (1923) obtained a considerably greater yield of onions on plots 
treated with a 1 /20 emulsion compared with the control plots. 

Trypetidac. 

Hammer (1934) obtained a 96% kill of pupae of Rhugoletis pomomlUi, VValsh, 
in artificially infested plots sprayed with a 10% emulsion, and 100% kill with 25 
and 50% emulsions. 

The Addition of other Substances to Kerosene. 

Nicotine. Weigel and Doucette (1922) obtained promising but somewhat 
variable results in the control of the strawberry root worm {Paria canelh, F.) attacking 
roses with a 1/16 to 1/32 dilution of a kerosene-nicotine oleato emulsion. 

Creoline. Corbett (1926) recommended a 1% dilution of an emulsion consisting 
of J lb. soap, J gal. boiling water and 1 gal. kerosene, and f gal. creoline churned in, 
to control the'red ant {Solenopsis geminata, F.) attacking tobacco seedlings. 

Carbon Disulphide. Leefmans (1915) stated that the addition of kerosene to 
carbon disulphide at various rates decreased the effectiveness of the latter in the 
control of cassava grubs, Leucopholis rorida, k., and Lepidiota stigma, F. (Scara- 
baeidae). Printz (1926) obtained complete control of Phylloxera with a mixture of 
equal parts of kerosene and carbon disulphide applied at 2 oz./sq. yd. (approximately 
30 cc. of each/sq. m.). 

p.^Dichhrbenzene (see p. 49), Miihlow and Sjoberg (1937) ; Hammer (1934). 

Naphthalene (seep. 61). Hammer (1934). 

Pyrethrum (see p. 128). Miihlow and Sjoberg (1937). 

Summary. 

The rates tested range from 9-940 gm./sq. m. 

Lead Salts (see Lead Arsenate, p. 51, Borates, p. 75, Fluorides, p. 95). 
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Lime. 

For agricultural [jurpowcs lime is used in several forms, the |)i'iii(U])al of whieli 
are calcium oxide or quicklime, calcium hydroxide or slaked lime, and calcium car- 
bonate or limestone. When it has been advocated for insecticidal purposes the 
tyi)e is not always stated, but usually the more caustic quicklime is intended. For 
convenience, references to all forms arc put under one heading. Lime is also fre- 
quently used as a diluent to bulk small quantities of other substances to facilitate 
their distribution. Hutchinson (1913) has studied the effect of partial sterilisation 
caused by the application of lime to soil. 


Expmmcntfi in Soil. 

LEFIDOPTERA. 

Aegeriidae. 

Peterson (1922) stated that hydrated linui applied to peach trees reduced but 
did not prevent attack by peach-tree borer (Aegeria exitiosa, Say). Jjater (1923 a) 
he reported that it was quite usc^less for this purpose. 


(JOI.EOPTERA. 

Scarabaeidae. 

Decoppet (1920) stated tliat according to J)r. Schneider-Orelli of Zurich, powdered 
({uicklirne applied at 165 gm./sq. m. was ineffective for the control of cockchafer 
larvae {Mdolontha melolontha^ L.). Metzger (1933) obtained a total of 49 Japanese 
beetles {Popillia japonica, Newm.) emerging from soil in a greenhouse treated with 
3,000 lbs. hydrated lime/ac. (336 gm./sq. m.), compared with 214 emerging from a 
control plot. Both plots had been artificially infested with 500 third-instar larvae. 
Fleming (1942) found hydrated lime and limestone had little effect on these larvae 
at rates up to 8,000 Ib./ac. (896 gm./sq.m.). 


Elateridae. 

Comstock and Slingerland (1892) fouiul that both slaked and unslaked lime 
were without effect on wi reworms. MeDougall (1934) also found slaked lime at 
1,000 and 2,000 Ib./ac. (112 and 224 gm./sq. m.) applied in the drills with sugar-cane 
sets or incorporated into the soil surrounding the sets was ineffective for controlling 
the wire worm, Lacon variabilis, Cand. Neither Hawkins (1936), using quicklime 
at 1,000 Ib./ac. (112 gm./sq. m.), nor Ladell (1938), using hydrated lime at 34 cwt./ac. 
(430 gm./sq. m.), obtained any significant reduction in the control of Agriotes sp, 
in field experiments. Herrmann (1919), however, recommended unslaked lime 
worked into dry soil to control wireworms, which would then be killed when the lime 
was slaked by rain. 


DIPTBRA. 

Cecidomyiidae. 

Miihlow (1936) obtained a 59% reduction of wheat gaU-midge larvae {ConUirinia 
Iritici, Kby., and Sitodiplosis moaelhm, Geh.) in a field experiment on soil treated 
with 1,800 Ib./ac. (200 gm./sq. m.). 

(yhironomidae. 

McCarthy (1922) was able to destroy a large number of larvae of the seed- bean 
midge, Smittia rnacleayi, Skuse, in New South Wales by working lime into the 
surface before planting. 
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Trypetidae. 

Uh^oletis cerasi, U ((Jlierry Fiuit-iiy). 

Jo steriliao auil infested with the [nipae, Mayiie (1932) reeoiiiiiieiided quiekliiiie 
mixed with the soil in the proportion of I to 4 and the mixture wetted to slake the 
lime. Ihe heat created by the slaking was siitheient to destroy the pupae. Wies- 
mann (1933) found quicklime at 300 gm./sq. m. iiuite inelfeetive for the control 
of the pupae. 


The Addition of Lime to other Suh.slonce.s. 

kSalphnr 134), Michelbacher (1932) ; Mercuric Chloride (.seep. IU7), reterson 

(1923 a); Hellebore (see p. 98), Hawley (1918). 

SUMMAHY. 

Range, 112-890 gm./sq. m. It would .seem that the belief frequently met with 
amongst farmers that lime is of value as a soil insecticide has Jio foundation. 


Lime Sulphur and Lime Sulphur Residues. 

Lime sulphur, a well-known fungicide, is made by boiling milk of lime with 
sulphur, and contains in solution varying amounts of poly.sulphides and Onely 
divided sulphur. Its chemical structure is (liseus.se(l by Martin (1930). Ry-j)roducts 
from its manufacture containing sulphur comjmunds and other substances have also 
been suggested as insecticides, and are considered here. 


hJxperiments in Soil. 

OOLEOPTBRA. 

Elateridae. 

Peterson (1917) obtained no control of wireworms in pot experiments with 
applications of lime sulphui* up to rates corresponding to 500 LJ.S. gals./ac. (470 cc./ 
sq. m.). Gough (unpublished) obtamed no kill of wireworms {Agriote.^i S[k) in pot 
experiments with lime sulphur residues at rates up to 4 tons per acre (1000 gm./sq. in.) 
in the form of an untreated sludge and the same product dried and ground. 

Curculionidae. 

Enghsh and Graham (1937) only obtained low kills of larvae of the white-frinpd 
beetle {Pantomorus hucolomci, Boh.) in soil balls immersed in hme sulphur solution, 
alone and containing nicotine sulphate. 

DIPTERA. 

Cecidomyiidae. 

Tanabe and Sekiya (1931) recommended lime sulphur solution for the control of 
larvae of Diploais mori, Yokoy., in the soil. 

Anthomyiidae. 

Brittain and Lowry (1916) reduced the infestation of cabbage root fly {Uylemyia 
braaaicae, Bch.) from 23% in the controls to 11% on plants treated with 3 fl. oz. 
each of a lime sulphur sludge diluted with five times its weight of water. Brittain 
(1920) found a mixture of dry lime sulphur (20%) and clay (80%) applied to cabbage 
plots at 700 Ib./ac. (15 gm. L.S./sq. m.) was ineffective as a control for the maggots. 
Mixtures with tobacco dust and sodium arsenite also gave negative results. 



Magnesium Salts* 

Experiments in Soil. 
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COLBOPTKBA. 

Elateridae. 

Hawkins (1936) found mixtures of 1 part of magnesium chloride or I part of 
magnesium sulphate in 35 and 14 parts of soil respectively were toxic to the wireworm, 
Agriotea nutncus, Say. 


DIPTBRA. 

Anthomyiidae. 

Edwards (1935) recorded an increase of 30% of cabbages free from attack by 
the root fly {Ilylemyia hrassicae, Bch.) when treated at lO-day intervals with 1 pint 
of a solution of IJ oz. magnesium sulphate (in the form of cattle salts) per gallon. 

See also Arsenates, p. 72, Borates, p. 76, Fluorides, p. 96, Fluosilicates, p. 96 
and Kainit, p. 100. 

Manganese Salts (see Arsenates, p. 72). 

Menthol (Oil of Peppermint) (C,oHi,OH). 

Crystalline. 


Experiments in Soil. 

ISOPOD A. 

Speyer and Owen (1924) found its toxic action to the cucumber house woodlouse 
[Armadillidium speyeri, Jackson) very slow, but it was effective when mixed with 
soil in the proportion of I to 160. 


Mercuric Chloride (Corrosive Sublimate) (HgCljj). 

Crystalline. 

Mercuric chloride has beeii used jwincipally in the control of eal)bag(' root maggot 
and onion fly. It has been so successful for these that many authors have experi- 
mented with it as a control for other soil pests, but usually with negative results. 
Its action is probably on the eggs alone, and it appears possible that in the soil it 
is reduced to metallic mercury, which in the vapour phase is highly toxic to insect 
eggs (Gough 1938). 

It suffers from two disadvantages : it is very poisonous to mammals and it quickly 
corrodes any metal vessel. For this reason it should always be mixed and apjdied 
in glass, porcelain or wooden ve.ssels. In cold water it is rather difficult to get 
into solution, and a concentrated solution should first be made in hot water or in 
hydrochloric acid. 


Experiments in Soil. 
Aphidae. 


HBMIPTBBA. 


Cutright (1926), using a solution of 1 oz./4 U.S. gals. (FH gm./l.) at the rate of 
1 U.S. pint per plant, damaged asters without affecting the white aster root aphis 
[Prociphilm erigeronenais, Thos.). It was also ineffective at 1 oz./lO U.S. gals. 
(0*74 gm./l.) to control black peach aphis {Anuraphis persicae-niger, Smith) on peach 
trees. 
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LEPIDOPTBEA. 

Aegeriidae. 

Peterson found a solution ot 2 gm./I, used at 2 1. per tree was ineflfective 

as a control for peach-tree borer {Aegeria exiiiosa. Say), and seriously injured young 
trees. A mixture of corrosive sublimate (1 part) and hydrated lime (25 [)arts) 
applied at 5 teas])oonluls per tree appeared to be effective in controlling the young 
larvae. 


COLEOPTERA. 

Soarabaeidae. 

Corrosive sublimate was rei>orted as ineffective by Davis (1920 <() for the white 
ga*ub (Lachnosterna sp.) ; by Leach and Johnson (192.5) in 0-1% solution for Popillia 
japonica, Newm., larvae at the roots of perennial plants ; by Zappe and Carman 
(1925) lor Oriental beetle grubs {Aiiomala orientalis, Waterh.) in lawns ; and by 
Cottier (1932) at rates equivalent to 4-34 gm./sq. m. for the control of the New 
Zealand grass grub {Odontria zealandica, White). 

Elateridae. 

Gough (1942) found it was ineffective for the control of wiroworms {Agriotcn 
sp.) in pot experiments up to rates corresponding to 37 gra./sq. m. 

Curculionidae. 

French and Hammond (1926) also found a .solution of 4 oz./lO gals. (2’5 gm./l.) 
ineffective for the control of the giant apple root borer {Leptops hopei, Fhs.) at 5 gals, 
per tree (57 gm./tree). Vasina (1927 h) stated that a solution of 2 gm. in 380 gm. 
water killed all pupae of the cabbage .stem weevil {Ceuthorrhynchus quadridens, 
Panz.) in laboratory experiments. 

Chrysomelidae. 

Weigel and Doucette (1922) found a .solution of | oz./3 H.IS. gals. (1*2 gm./l.) 
at the rate of i U.S. pint per plant (0’3 gm./plant) useless for the control of the 
strawberry root worm {Paria canella, F.) on roses. 

Cerambycidae. 

According to an anonymous publication (Isjew Mexico 1935), a 1/10(M) solution 
applied at 1 J U.S. gals./eu. ft. was ineffective for the control of the root borer [Prionus 
calif ornicus , Motsch.), 


DIPTEBA. 


Chironomidae and Mycetophilidae. 

Thompson (1929) found a 1/1,000 solution poured on the soil in sufficient quantities 
to penetrate as far down as they occurred killed all immature stages of tSmiUia 
byssina, Schr., and Sciara caesar, Johannsen. 

Psilidae. 

Psila rosae, F. (Carrot ily). 

Gorham (1934) applied sublimate at 16 Ib./ac. (2 gm./sq. m.) to control the carnjt 
fly and reduced the average spring injury to 0-64% compared with 34-3% in th(‘ 
controls, and the autumn injury from 51*12% to 12*65%. Dustan (1930) recom- 
mended two applications of a .solution of 1 oz./lO gals. (0*62 gm./l.) watered on to 
carrots at 800 gals./ac. (0*56 gm./sq. m.), Whitcomb (1938) obtained only moderate 
control with a solution of 1 oz./7^ U.S. gals. (1 gm./l.) and found that it stunted 
growth. 



Anthomyiidae. 
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Uykmyia brtmka^., Beh. (Cabbage Root Maggot) 
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HYMBNOPTBRA. 

Formicidae. 

Walker and Anderson (1937) were unable to kill pavement ants (Tetratnorium 
caespitum, L.) attacking egg-plants with solutions of 1/500-1/200, and the higher 
concentration also killed the plants. 

MYRIOPODA. 

Scutigerella immdculata, Nowp. (Glasshouse Symphylid). 

Thomas (1928) stated that subhmate solution killed large numbers of this 
Symphylid, but also damaged sweet pea seedlings. Kearns and Walton (1932) 
found that a solution of 1 oz. in 160 gals. (1/25,600) heavily watered on to tomato 
plants checked an attack of this pest which had developed by the migration of the 
larvae from the subsoil into the steam -sterilised top-soil. Speyer (1935) found 
5 fl. oz. of 1/3,000-1/4,000 solution applied to plants in 6-inch pots killed all the 
Symphilids in four and five days, respectively. 

Summary. 

Apart from its use in the control of root maggots, mercuric chloride appears to 
he of little value as a soil insecticide. Its success in the control of the glasshouse 
Symphilid {SrAitigerella immacAdata, Newp.) might bo worth following up. 


Mercurous Chloride (Calomel) (HgCl). 

Crystalline 

Like corrosive sublimate, this substance has been largely used as a control measure 
for root maggots, and attention was first drawn to its useful properties for this 
purpose by Glasgow (1929), who was carrying out experiments on several mercury 
compounds as possible substitutes for mercuric chloride. Calomel is insoluble in 
water and is less toxic to mammals than mercuric chloride. It is usually applied 
as a dust bulked with some inert material. It has also been applied as a suspension 
in water, and Gasow (1935) gave details of the effect of various substances (gelatme, 
glycerine and saponin) on such suspensions. 


HBMIPTERA. 

Coccidae. 

Hosni and Shafik (1935) found a suspension of \ oz. /gal. was very effective for 
the control of the mealybug, Psevdococcus hrevipes, Ckll., on the roots of Pk)PM%x sp. 
when applied to infested plants before re-potting. 

COLEOPTEBA. 

Scarabaeidae. 

Lipp (1929) found it ineffective at the rate of 1,500 Ib./ac. (168gm7sq. m ) for 
the control oi Popillia japonica, Newm., larvae in pot experiments. Kerr (1940) 
af^o usTit t ^Tpension with gum arable without sucee,s.s for the control of white 
grubs {Lachrwdemn sp.) attacking strawberries. 


Elateridae. 

HawkiPH (1936) applied a suspension of t oz. to 9-inch flower-pots (150 gm./ 
so m ) but found it was not very effective for the control of the wircworm. Agnokx 
Sav Gough (1942) obtained only low kills of wireworms sp.) 

rpoT’oSn.ents^ith calomel intimately mixed with the top 3 ins. (7-5 cm.) 
of soil up to rates corresponding to 5 cwt./ac. (625 gm./sq. m.). 
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DIPTBHA. 

Cecidomyiidae. 

Tanabe and Sekiya (1930 and 1931) recommended a mercurou8 chloride sus- 
pension of 1/3,000-1/4,000 to control larvae of Diphsis mori, Yokoy., which was 
causing serious damage to young mulberry buds. 

Chironomidae (?). 

Fulton (1933) stated that only 100 adults of midge larvae which were damaging 
seedling tobacco plants emerged from soil treated with calomel, compared with 795 
in the controls, 

Bibionidae. 

Edwards (1941) obtained no control of larvae of the fever fly {Dilophus febrilis, 
L.) in lawns treated with a 4% dust of mercurous chloride watered into the soil. 

Psilidae. 

Glasgow (1929) found two or three applications at weekly intervals of a suspension 
of 4 oz./lO U.S. gals. (3 gm./l.) resulted in 97 and 100% respectively of carrots free 
from attack by Psila rosae, F. Five weekly applications of a suspension of 1 oz./ 
10 U.S. gals, (0‘8 gm./l.) were necessary to give complete control. Whitcomb 
(1938) failed to control this insect with three applications of 1 oz./5 gals. (1*5 gm./l.), 
but found 2-4% dusts (bulked with lime or gypsum) gave fair control of light infesta- 
tions but not of heavy. 

Anthomyiidae. 

Hykmyia brassicae, Bch. (Cabbage Root Maggot). 

Glasgow (1929) obtained complete control of root grub attack on cauliflowers 
(compared with 82-5% attack in the checks) with a 4% dust drilled with the seed or 
used to coat it. Various workers (New York 1931, Friend 1932«, Gasow 1935, 
Glasgow 1936) described experiments applying it in suspension at concentrations 
ranging from 1/300-1/2,000, but usually about 1/1,000, with success. Recent work 
suggests, however, that two to three applications of a 4% dust is more effective and 
simpler to apply (New York 1931, 1935, Friend 1932 a and b, Glasgow 1936, Wright 
1938 f/, 1940 u). The method, which has now become a common practice in’ Britain, 
as recommended by Wright (1938 a), is as follows .---Calomel should be applied with 
a hand duster, preferably of the bellows type, the nozzle being held close to the 
base of the plant and the 4% dust deposited in immediate contact with the stem 
where it enters the soil. About half a teaspoonful (2-8 gm.) should be applied per 
plant, and two applications, the first within four days of setting out, give a high degree 
of control. With [)]ants one yard apart each way, 30 lb. dust/ac. (3 gm./sq. m.) is 
necessary. 

Wright found no cases of injury to cauliflowers or other brassicas with the treat- 
ment at rates up to 35 Ib./ac,, and also found it more effective than corrosive 
sublimate. Tomaszewski et al (1934), however, stated that it caused damage to 
plants and was not so successful as sublimate. Wright (19406) also found a 4% 
dust at 1 lb./60 yd. row gave effective control of the maggot on beds of brassica 
seedlings. 


Hykmyia aniiqm, Mg. (Onion Fly). 

Glasgow (1929) used a 4% dust drilled with onion seeds and reduced loss of 
plants due to onion fly to 4-1%. Coating the seed was not an effective control. 
Dustan (1937) did not obtain such successful results with four applications of a 
1/900 suspension (using sulphite lye to improve the suspension) watered on to the 
seedlings in sufl&cient quantities to penetrate 1 in. (2*5 cm.). He found it considerably 
less effective than mercuric chloride. 
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Wright (1938 6 and 1939) recommended a 4% calomel dust as a seed dressing 
and recorded 91*5% plants remaining in July compared with 37% in the controls, 
and 45% for three applications of sublimate solution. Dusting the rows when the 
plants were in the seedling stage was also eflfective. 

Summary. 

I^e corrosive sublimate, calomel appears to have little action except as an 
ovicide. Where soil insects can be attacked in the egg stage, calomel would be 
worth trying. 

Mercury Compounds other than Chlorides. 

OOLBOPTBRA. 

Scarabaeidae. 

Downes (1928) found a proprietary seed dressing (containing Hydi'oxymercuric- 
chlorphenol) in solution at 1/400 had httle effect on larvae of Aphodim pardalis, 
l^ec., which was causing damage to lawns in British Columbia. 

Lipp (H)20) tested the following compounds in 4-inch flower- pots at l,r)(M) Ib./ac. 
(Ifl8 gm./sq. m.) ms poisons for Popillia japonicd, Newm., grubs. 


Mercuric borate Successful 

Mercuric phosphate . . Ineffective 

Mercuric iodide Successful 

Mercurous iodide .... Ineffective 

Mercurous chromate. . Ineffective 


Dlateridae. 

Gough (1942) only obtained a maximum of 45% kill of wireworms {Agriotes sp.) 
with phenyl mercuric acetate incorporated in the soil in pot experiments at rates 
up to 15 owt./ac. (189 gm./sq. m.). 


DIPTBRA. 

Anthomyiidae. 

Flint and Compton (1925) found onion plots treated with mercuric cyanide 
were tio better than the checks, though damage by the onion fly [Hylemyia antiqwi, 
Mg.) was not severe in that season. 

In an anonymous publication (New York 1935) it was stated that 2-3 light 
applications of dusts containing 4% oxide of mercury gave effective control of th<‘ 
cabbage root maggot {Hylemyia brassicae, Bch.). Dustan (1937) found methyl 
mercury chloride at 1/4,800 reduced attack by the onion maggot (/f. antiqua, Mg.) 
from 23% in the check plots to 9-2% in the treated plots. 

In an anonymous publication (Pennsylvania 1925) it is stated that phenol 
mercury compounds were tested in aqueous solutions and as solids bulked with 
(day carriers, but owing to the absence of serious infestation no definite data 
on their effectiveness were obtained. 

Mesitylene ((CH3)sCeH3). 

Liquid. S.G. 0-863 at 20° C. 

Experiments in Air, 

Tattersfield and Roberts (1920) : of uncertain toxicity. 

Methallyl Chloride (CH., : C(CH)3CH.,G1). 

Liquid, 
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„ , . , COLEOFTBM. 

Scmbaeidae. 

Briejk (1938) first suggested the use of this substance as an insecticide and 
stated that cockchafer larvae [Mehhntlm sp.) wore killed with doses of 25 gm./sq, m 
injected into four holes. 

Elateridae. 

Grough (1942) recorded kills of wireworms (Agnotes^^,) of 80-90% in pot experi- 
ments with applications of methallyl chloride at 187-374 cc./sq. yd. (190-382 gm./ 
sq./ra.). It was rather less effective than carbon disulphide under the same circum- 
stances. 

Methyl Alcohol (CH 3 OH). 

Liquid. S.G. 0>798 at 15° C. 


IIBMIPTEBA. 

Coccidae. 

Saunders (1926) killed the mealybug, Rhizoecm terrestm, New-st., on acacia 
plants by injecting 2 cc. into the soil ; the plant wa.s unharnie(l. 

Methyl Amine (CH3NH,,). 

Gas. 

Experiments in Air. 

Tattersfield and Roberts (1920) : moderately toxic (24). 

Methyl AnUlne (CANH . CHj). 

Liquid. S.G. 0*987 at 20° C. 

Experiments in Air. 

Tattersfield and Roberts (1920) : highly toxic (3*7). 

Methyl Bromide (CHgBr). 

Gas. 

Methyl bromide has recently come to the fore as a fumigant for stored products 
It has advantages over other fumigants of comparable toxicity in that less is absorbetl 
by flour, in which greater penetration is obtained ; less injury is caused to plant 
tissues, and it is virtually non-inflammable. Though only slightly soluble in water 
it is appreciably so in oils (Shepard 1939). It has also proved useful as a soil 
fumigant, and quickly found its way into the official recommendations of the U.S 
Department of Agriculture for this purpose. 

COLEOPTBBA. 

Scarabaeidae. 

Hamilton (1940) tested the action of methyl bromide on Asiatic beetle grubs 
{Anrnmh orienUilis, Waterh.) attacking azalea plants. Three and five cc. doses 
of a solution of one part methyl bromide in five parts methyl or ethyl alcohol injected 
jnto the 80 U every 6 ias. (15 cm,), 3-5 ina. (7-5-12-5 cm.) deep (2-3^ co./sq. ft. or 
-1 -38 cc./sq. m.) killed all the grubs. Provided the temperature was not more 
than 68-70° F. the azaleas were unharmed, but at temperatures around 80° F. 
25-30% of them were injured. He also used a solution of the same methyl bromide- 
/alcohol mixture in water ; 300 cc. of the mixture were dissolved in 3 U S gals 
water and sprinkled over 30 and 15 sq. ft., giving 1 and 2 cc. methyl broraide/sq ft! 
(11 and 22 cc./sq. m.). All the grubs were killed in one experiment and also many 
plants, but in a different type of container, 91% kill of the grubs was obtained at 
I cc./sq. ft. (11 cc./sq. m.) without injury to the plants. 

For disinfcBting soil balls containing Popittia japmica, Newm., larvae the U8 
department of Agriculture (1939 «) specify that soil balls or pots not more than 
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8 ills. (20 cm.) in diameter (later (1940 a) altered to not more than 12 ins. (30 cm.)) 
should be exposed for 2^ hours at a temperature of at least 03^^ F. to an atmosphere 
of 2i lb. methyl bromide/ 1,000 eu. ft. A table showing the increase in dosage 
and period necessary at lower temperatures is given in a later announcement (1940 6). 
Strong (1940) has drawn attention to the fact that the adult beetles are less, and 
the eggs more, resistant than the larvae to methyl bromide. 

Curculionidae. 

Schwardt and Lincoln (1940) obtained 1(X)% kill of larvae and 94% kill of 
adults of the alfalfa snout beetle [Oliorrhynchiis liguslici, L.) with 7 ec. injections 
of methyl bromide 1 ft. apart at 953 Ib./ac. (107 gm./sq. m.). It was not always 
possible to control the larvae in the top 6 ins. (15 cm.) by this means, and Lincoln 
et al. (1942) found that this could be accomplished by the addition of dichlorothyl 
ether {q.v.). 

Livingstone et al. (1940) used an aqueous solution of 0-3 methyl bromide and 
0*6% denatured alcohol to disinfest .soil balls from white-fringed beetle larvae 
{Pantomorm leucoloma, Boh., and P. peregrinv^s, Buch.). Soil balls not more than 
6 ins. (15 cm.) in diameter were buried in sand in a water-tight box and sprayed 
or sprinkled with 40 U.S. gals, of the solution/lOO sq. ft. (49 cc./sq. m.). Complete 
control was obtaineil of the two species in 18 and 4 hours, respectively ; the difference 
was attributed to differences of soil rather than of sjiexiific resistance. Similar 
r(;commendations are made by the U.S. Department of Agriculture (1941). For 
disinfesting potting soil from this pest, they specify the application of 40 cc. methyl 
bromidc/cu. yd. for 48 hours ; for soil balls, which should not be more than 3 ins. 
(7-5 cm.) in diameter, a dosage of 2J Ib./1,000 cu. ft. for 4 hours at a temperature 
of at least 63° F. is necessary. 

Methyl Iso-Butyl Ketone (CH3 . CO . C4H9). 

Liquid. S.G. 0*803 at 10° C. 

COLBOPTERA. 

Scarabaeidae. 

Bell (1935) found it less toxic than carbon di.sulphide to the sugar-cane grub, 
Dermolepida albohirtum, Waterh. 

Methyl Cyanide (CH3CN). 

Liquid. S.G. 0*791. 

ExperimfMts in Air. 

Lehman (1933) recorded the median lethal dose (50% kill) for the wireworm, 
Phektes calif ornicus, Mannh., as 56 rng./l. for a 5-hour exposure ; it was 0*56 times 
as toxic as carbon disulphide. 

Methyl Ethyl Ketone (CHg . CO . C2H5). 

Liquid. S.G. 0-805 at 20° C. 

Fleming (1925) : minimum lethal do.se 124 mg./l. 

Methyl Formate (H . COO . CH3). 

Liquid. S.G. 0-980. 

ExperimerUs in Air. 

Lehman (1933) recorded the median lethal dose (50% kill) for the wireworm, 
Phektes califomicus, Mannh., as 12-5 mg./l. for a 5-hour exposure ; it was 2^ times 
as toxic as carbon disulphide, 

I 
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Methyl Iso-Propyl Phenol (see Thymol, p. 136). 

Mowrah Meal. 

Mowrah meal is the ground press-cake left after the removal of oil from seeds 
of Bassia longifolia, L. It has been reported as very effective in killing earthworms 
in the soil (Carlos 1926, Johnston 1927, quoted by Fleming 1942). Fleming (1942) 
only obtained 44% kill of Popillia japonim, Newm., larvae in soil treated at the 
rate of 8,000 Ib./ac. (896 gm./sq. m.). 

Mustard and Mustard Products. 

Attention has probably been drawn to mustard as a possible soil insecticide by 
the commonly held idea that the plant itself has some effect on wireworms and the 
fact that Tattersfield and Roberts (1920) found mustard oil (Allyl isothiocyanatc*, 
p. 66) one of the most toxic substances to wireworms. Mustard oil is producecl 
in the seeds of black mustard (from wliich domestic mustard is obtained) and not in 
those of whitti mustard (the plant grown as a catch crop or green-manure crop) . 

COLEOPTEBA. 

Filateridae. 

Miles and Cohen (1939) tested mustard di’oss and golf- green mustard against 
wireworms. The first product contained 0*73 and the second 0*19'^/„ mustard oil, 
and both had been used in Norfolk on wireworm infested land. Mustard dross 
gave high kills in laboratory experiments at 1-2 tons/ac. (250-500 gm./sq. m.), but 
the golf-green mustard was unsuccessful up to 8 tons/ac. (2,000 gm./sq. m.). The 
addition of najdithalene to the dross increased its effectiveness. 

Naphthalene (see p. 55). 

jS- Naphthalene Sulphonyl Chloride (CjoH, . SO., . Cl). 

Crystalline. 


COLEOPTEBA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0*5% was toxic to larvae of Popillia japonica., 
Newm., for an exposure of 2 weeks. 

a-Naphthoic Acid (C10H7COOH). 

Crystalline. 

COLEOPTEBA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0-16% was toxic to larvae of Popillia 
japonicxi, Newm., for an exposure of three weeks. 

Naphthol (C10H7OH). 

Crystalline. 

Experiments in Air. 

Fleming (1925) found both a and j3 forms non-toxic. 

Experiments in Soil. 

COLEOPTEBA. 

Scarabaeidae. 

liCach and Johnson (1925) found a saturated solution of the a form applied to 
the soil killed 75% of the larvae of Popillia japonica, Newm., but the treatment 
killed the plants on which the grubs were feeding. Fleming (1928) found soil mixed 
with 0*16*’(, of either a or § forms was toxic to these larvae for an exposure of one 
week. 
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ISOPODA. 

Speyer and Owen (1924) found soil mixed with 1 part in 173 of the a form was 
toxic to the cucumber house woodlouse {Arinadillidimn speyeri, Jackson) but was 
slow in action, taking 2-8 days for 100% kill. The form had little or no action. 

Naphthyl Benzoate (C10H7O . CO . Cells). 

Crystalline. 

COLEOPTBRA. 

Scarabaeidae. 

Leach and Johnson (1925) obtained no kill of Popillia japnmm, Newm., larvae 
when a saturated solution was applied to the soil. 

Pleming (1928) found soil mixed with was toxic to Popillia japonica, 

Newm., larvae for an exposure period of 3 weeks. 

Naphthylamine (CjoH^ . Nil.). 

(kystalline. 

COLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0*10% was toxi(? to larvae of Popillia 
japonic^, N(nvm., for an exposure; of 2 weeks for the a form, and 1 week for the 
P form. 

OIPTERA. 

Anthomyiidae, 

K. M. Smith (1923) used this substance successfully to control the onion fly 
[liyhmyia antiqua, Mg.), obtaining 75 lb. onions on the treated ])lots compared with 
32 lb. on the control plots. It was, however, too expensive to be of economic value. 

ISOPODA. 

Speyer and Owen (1924) obtained 100% kill of the cucumber house Woodlouse 
{Arrimiillidiam. spcjjeri, Jackson) with soil mixed with a-naphthylaniine in the 
])roportion of 1 : 174, and its toxicity was maintained for 28 days. 

Naphthylamine Hydrochloride (CiqH, . NH 2 . IICI). 

Crystalline. 

COLEOPTERA. 

vSearabaeidae. 

Fleming (1928) found soil mixed with 0-l()% of both a and ^ forms was toxic 
to larvae of Popillia japonim, Newm., for an exposure of 2 weeks. 

Nickel Salts (.see Borates p. 76). 

Nicotine (C10H14N2). 

Liquid. S.G. I 010. 

Pure nicotine is a colourless liquid alkaloid .and, as normally extracted from 
tobacco, contains small amounts of related alkaloids. It rapidly turas yellow and 
finally dark brown on ageing, a process which docs not appear to affect its insecticidal 
properties. It is frequently used in the form of nicotine sulphate and is a useful 
contact insecticide, especially for small soft-bodied insects such a Asphids. Nicotine 
is extremely poisonous to mammals both internally and externally. 

Determination. See Sutherland et al. (1939). 

Experiments in Air. 

Fleming (1925) recorded 16 mg./I. as the minimum lethal dose for third-instar 
larvae of the Japanese beetle {Popillia japonica, Newm.). Leach and Thomson 
(1921) found a 0-16% solution used as a ilip did not kill these larvae. 

l2 
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Experiments in Soil 

HEMIPTERA. 

Coccidae. 

GardtuM- (1020) fovind that dreuchiiii^ the soil with a 1/600 dilution of nicotilK? 
sidphatc (Black leaf 40) gave effective control of raealybugs, Paewlocoeem sp. 
Saunders (1926) stated that a 1% nicotine solution killed the mealybug, Rhizoeens 
krrestris, Newst., without injuring the acacia plants on which they were feeding. 
0‘04 to 0-15 cc. injected into the soil was also successful, 

Aphidae. 

Outright (1925) found one tcaspoonful of nicotine in I U.S. gal, of soapy water 
ap])lied to asters at 1 to 2 U.S. pints ))er [)lant killed numerous root A})hids 
{Prociphilm frigeronensu, Thos.), but it was necc:ssary to repeat the treatment 
frequently. A mixture of 4 teaspoonfuls of 40% nicotine sul|)hate and 8 teaspoonfuls 
of engine oil emulsion mixed with 1 U.S. gal. of water and poured about the roots 
of })each tree's at I to 8 U.S. pints ))er tree, Wiis ineffective for the control of the 
black peach aphis {Anuraphis persicar-nige.r. Smith). 

LEPIDOPTERA. 

Noctuidae. 

Hawley (1918) used a 1/400 solution of nicotine sulphate to drench the soil to 
(control the hoj) borer {Hydroecia immaniSy On.), but thougli it reduced the number 
of grubs, it was not sufficiently effective to be of value. 

Crambidae. 

Noble (1992) found I oz. of 40% nicotine sulphate diluted in 3 U.S. gals, water 
and ap])licd at 1 gal./sq. yd. (5 grn./sq. m.) was ineffective for the control of sod 
webworms in lawns. 

COLEOPTERA. 

Scarabaeidae. 

According to Decoppet (1920), black soap and nicotine had a marked action on 
cockchafer larvae {Mehlonthu mebhntha, L.), but not sufficient to be an effective 
and economic control. 

Curculionidae. 

F. F. Smith (1932) stated that both nicotine sulphate and free nicotine in 
solution killed jwimulas and cyclameas without injuring vine weevil grubs {Otior- 
rhynchus siilmius, F.). 

English and Oaham (1938) only obtained 9% kill of larvae of the white-fringed 
beetle {Paniomorus hucoloma, Boh.) in soil balls dipped for 15 min. in a solution of 
20.ee. nicotine sulphate/U.S. gal. 

Chrysoniehdae. 

Weigel and Doucette (1922) obtained negative results in the control of the 
strawberry root worm {Paria canelh, F.) attacking roses with 2 drops of nicotine 
sul])hate in 225 cc. water per plant. 

niPTERA. 

Tipulidae. 

Gilmore and Milam (1934) controlled an outbreak of larvae of Limnobia ultima, 
O.-S., causing damage to tobacco seedlings, by drenching the beds with a solution 
of 10 cc. nicotine sulphate in 1 U.S. gal. water. 

Mycetophilidae. 

Speyer et al. (1939) obtained satisfactory control of larvae of Plastosciara per- 
niciosa, Edw., and Pnyxia scahiei, Hopk., damaging young cucumber plants, by 
drenching the soil with an emulsion of sulphonated petroleum oil and 5% nicotine. 
This did not give satisfactory results in the cucumber beds themselves. 



117 


Bibioiiidae. 

Hornik and Nol6 (l!)31) obtained 42 and ry2% kill of larvae of liihio marci, I.., 
with 1 and 2% sprays of a tobacco extract containing 7‘’i, nicotine sulpluitCj aj)plied 
at the rate of 55 gals./ac. (2 and 4 gm./sq. m.). 

Fsilidae. 

K. M. Smith (11125) was able to reduce the infestation of caiTot fly {Psila ro.sac, 
from 70% in the controls to 35% in plots dusted once a fortnight with a 5';,, 
nicotine sulphate dust. 

Anthomyiida(^. 

Hykmyia brasdcae, Bch. (Cabbage Root Maggot). 

Brittain (1920), using a 2%, and K. .M. Smith (1925), using a 5'1(, nicotine siil[)liat(3 
dust, both obtained unsatisfactory results. 

//. antiqua, Mg. (Onion Fly). 

K. M. Smith and Wadsworth (1921) treated small plots of onions with a solution 
of 1 11. oz. nicotine in 5 gals, water and found it the most successful (4' all tlie treat- 
ments tried. K. M. Smith (1923) obtained nearly 50*)(, incr(!ased yield of onions 
from plots treated with equal parts of nicotiiw^ dust and soa^) j)OW(l(‘r and bulkc'd 
with chalk. Later (1925) he recorded 18*'{, infested plants on a j)lot treated with 
a 5% nicotine sulphate dust compared with 51'';, on the corresponding iinii’i'ated 
plot. Flint and Compton (1925), Irowevcr, only obtained very sliglitly increased 
yields compared with the controls on plots treated witfi a 2'/,) dust. 

HYMENOPTERA. 

Formicidae. 

Walker and And('rson (1937) found a 3“/,, nicotine dust inelfective for the control 
of the |)avement ant, Telmmorium am pit am, L., attacking egg-plants. 

MYRIOFODA. 

Cory and O’Neill (1917) obtained a 90% kill of the hot-house millepede, Orlfuh 
morpfia gracilis, Koch, within 3 ins. (7*5 cm.) of the surface if the gr'ound was well 
drenched with a 1/750 to 1/1000 solution of 40'X) nicotirrr? or 40%, nicotine sulphate. 
Horsfall and Fiyer (1921) obtained a considerably increased number of seedling 
])lants in frames treated with 1/200 solution of nicotine suljrhate or a 2'% dust to 
control millepedes. In an anonymous publication (Pennsylvania 1925) it is stated 
that satisfactory results were obtained in the eontr-ol of millepedes attacking lettuce 
in cold frames with a 1/500 solution of nicotine sulphate a|)plied at 1 U.vS. gal./2| 
sq. ft. (15 gm./sq, rn.) or a 2%, nicotine dust washed into the soil a week before 
sowing. Orchard (1937) found a 1/2,000 solution of nicotine killed 807(> of the 
millepedes, Iilaniulu.s guttulatua, Bose, and OHhomxjrpka gnuilis, Koch, attacking 
the roots of cucumbers in nur-series, 3fie nuuaining millepedes were brouglit to 
the surface and could be killed by spr-aying with a solution of tlie same strength. 
Thomas (1928) found a solution of nicotine sulphate ineffective for the control of 
the Symphylid, SctUigerella immaculata, Newp. 

Summary. 

Apart from its success in the control of millepedes, nicotine has proved of little 
value as a soil insecticide. 

3-Nitro4-Amino Toluene (CHa.CeHa.NO.NHa). 

Crystalline. 

COLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0-16% was toxic to Popillia japonica, 
Newm., larvae for an exposure of 1 week. 



Nitranillne (N02CftH4NH2). 

Crystalline. 

Experiments in Air. 

Tattersfield and Roberts (1U20) : o- and m-fornis non- toxic ; _/>-lbrn), of uiieertaiii 
toxicity. 

Experiments in Soil. 

OOLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0-16% of the w-form was toxic to Popiliia 
japonica, Newm., larvae for an exposure of d weeks. 

Nitrobenzaldehyde (N02CeH4CH0). 

Crystalline. 

Experiments in Air. 

Tattersfield and Roberts (1920) : non- toxic. 

Nitrobenzene (CgHgNO.J. 

Liquid. S.G. 1-203 at 20® C. 

Experiments in Air. 

lattersiield and Roberts (1920) : moderately toxic (24). Fleniiiig (1925) ; iiiiiiimum 
lethal dose in air 22 mg. /I ; in water 800 mg.'/l. 

Experiments in Soil. 

LEPIDOPTERA. 

Aegeriidao. 

Peterson (1 923 a) obtained negative results in the control of peach-ti'(‘e borer 
{Aegeria exifiosa, ISay) with .1 fl. oz. doses applied to peach trees. 


COLEOPTERA. 

(Scarabaeidae. 

Fleming (1926) found a solution ot .3-5 gm./l. used as a dip for periods of 6- 24 
hours killed all larvae oi Popiliia japonica, Newm., at the roots of potted plants. 

Elateridae. 

Nitrobenzene has been frequently used a,s the toxic principle of T)oison baits for 
wire worms (Thomas 1930). 

DIPTERA. 

Anthomyiidae, 

K. M. Smith (1923) tested nitrobenzene as a remedy for onion fly {Jhjlemyia 
antiqm. Mg.) and obtained an increase in the yield of onions on the treated plots 
(.16 lb.) compared with the control plots (32 lb.) ; in later experiments (1925) he 
lound a 2% dust in chalk was ineffective. The same dust applied to cabbages 
resulted in only 20% of the cabbages being attacked by root maggots (//. hrassicae, 
Bell.) compared with 70% in the controls. 

Nltrochlorbenzene (CeH4ClN02). 

Crystallme. 

Experiments in Air. 

Tattersfield and Roberts (1920) : 0- and p-forms of uncertain toxicity. Fleming 
(1926) : p-form, minimum lethal dose 796 mg./l. ; o-form, non- toxic. 
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Experiments in Soil. 

HEMIPTERA. 

Aphidae. 

Marcovitoh (1934) tested the p-ionn as a control measure for woolly apple 
aphis {Eriosoma lanigerum, Hsm.) but found that doses of 1/16 oz. injured the trees. 

LEPIDOPTERA. 

Aegeriidae. 

Peterson (1923 a) obtained 65-80'/', kill of the peach-tree borer (Aegeria exitiosa^ 
Say) with 1 oz. applications to peach trees of p-nitrochlorbenzenc, and 40-53'X) 
kills with oz. doses. .V oz. doses of the o-form gave 40% kill. 

COLEOPTBRA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0*16'*„ of <‘ither the o- or y>-form8 was 
toxic to larvae of Popillia japonim, Newm., for an exposure of one week. 

Nitro-o-cresol (CHaCgHaNOoOH). 

niPTERA. 

Anthomyiidae. 

K. M. ?^mith (1925) found it useh'ss as a, control measure for cabbage-root maggot 
(liylemyia brassime, Boh.) and onion maggot (//. antiqtia, .Mg.). 

Nitromethane (CHgNO.). 

Liquid. S.G. M44. 

Experiments in Air. 

Patterslield and Roberts (1920) : of low toxicity (710). 

Nitronaphthalene (C10H7NO..). 

Crystalline. 

Experiments in Air. 

Tattersfield and Roberts (1920) : non- toxic. 

Experiments in Soil. 

COLEOPTEHA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0'l6'y„ of the a- form was toxic to Popillui 
japonica, Newm., larvae for an exposure of 1 week. 

1 -Nitro 2 -Naplithol (NOaCioH^OH). 

Crystalline. 

COLEOPTERA. 

{Scarabaeidae. 

Fleming (1928) found soil mixed with 0-33 was toxic to larvae of Popillia 
japonica, Newm., for an exposure of 3 weeks. 

Nitronaphthylamine (NOaCioReNHa). 

Crystalline. 

COLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0*16% was toxic to larvae of Popillia 
japonica, Newm., for an exposure of 1 week. 
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;; Nitrophenetol (C jr^O , . NOJ. 

COLEOPTERA* 

Scarabaeklae. 

Fleming (1928) found soil mixed with 0-16% was toxic to larvae of Popillia 
japonica, Newm., for an exposure of I week. 

Nltrophenol (NO2C8H4OH). 

Crystalline, 

Expemmnts in Air. 

Tatterslield and Roberts (1920); o-nitropheuol liiglily toxic (0*5) ; />-iiiti()i)lieii()l 
non-toxic. 

Experimants in Soil. 

LEPIDOPTERA. 

Aegcriidac. 

?et(‘rson (1928 a) only obtained 18% kill of the peach-tree borer {Aegeria ('..liliosa, 
Say) with 4 oz. doses of the o-forin per tree. 

COLEOPTEBA. 

Scarabaeidao. 

Fleming (1928) found soil mixed with 0-5% of the ^>form was toxic to larvae 
of Popillia japonica, Newm., for an exposure of 2 weeks, 

ISOPODA. 

Speyer and Owen (1924) found soil mixed with the? o-form in the 2 )roportion of 
J/108 was toxic to the eucund^er house woodlouse {Armadillidium. speyeri, Jaek.son), 
and remained so for 2(5 days. The yj-form was also toxic at that rate, but 100% 
kill was not obtained for 10 days, 

Nitrotoluene (NOoCgH/Tla). 

0 ‘ and m- liquid ; p- crystalline. 

Experiments in Air. 

Tatterslield and Roberts (1920) : o- and />-forms of uncertain toxicity. Fleming 
(1925) : minimum lethal dose of o-form in air 44 mg./l. ; in water 582 mg./l. 

Experments in Soil. 

LEPIDOPTERA. 

Aegeriidae. 

Peterson (1928 a) only obtained 30% kill of peach-tree borers {Aegeria exitiosa, 
Say) with J oz. doses per tree. 

Nitroxylene (CeH3N02(CH3)2). 

Liquid. 

Experiments in Air. 

Tatterslield and Roberts (1920): of uncertain toxicity. 

Orpiment (see Arsenious sulphide, p. 72). 

Oxanilide (C3H5NH . CO . CO . NH . 

Crystalline. 

COLEOPTERA. 

Scarabaeidae. i 

Flemmg (1928) found soil mixed with 0-5% was toxic to larvae of Popillia 
japonica^ Newin., for an exposure of 3 weeks. 
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Paraffin (see Kerosene, p. 101). 

Paraldehyde ((C..H40)3). 

Liquid. S.G. 0*999. 

Experiments in Air. 

Fleming (1925) : minimum lethal dose 248 mg./l. 

Experiments in Soil. 

COLEOPTEBA. 

Scarabaeidae. 

Leach and Johnson (1925) reported that an 8% solution watered on piTennial 
plants killed them without alTceting Popillia japonica, Newm., larvae attacking the 
roots. 

Paris Green (see Arsenic Compounds, p. 71 ). 

Pentachlorethane (CClaC'HClJ. 

Liquid. S.G. 1*834. 

Experiments in Water. 

Fleming (1928) found solutions ol‘ it men* toxic* than cai boii disulphide to larvae 
Popillia japonica, Newm., when they were immersed in it. 

Pentane (C5H12). 

Liquid. S.G. 0*634. 

Experiments in Air. 

Tattersfield and Roberts (1920): of low toxicity (16,600). 

Petroleum Oils and Distillates (excluding Keiosene). 

As with the coal-tar distillates, there is considerable dilticulty in tlie nomen- 
clature of petroleum products, different workers having dilferent natjies for tlu3 
same substance or the same names for dilferent substance's. Foreign names ar('. 
also confusing. Jhe products themselves are liable to vary with the source from 
which they are derived and the proc(>sses and degree of refinement. 1 hey have 
been grouped here into tlu3 following categories 

1. Petrol or gasoline, as used in internal combustion engines; distillation 

range, 70-140'' C. 

2. Petroleum ether, solvent ; distillation range, 40-90" C. 

3. Crude petroleum and petroleum oils of an unspecihed nature. 

Petrol (Gasoline). 

Experiments in Soil. 

OBTHOFTEBA. 

Gryllidae. 

Hutson (1934) destroyed crickets {Anurofjryllus sp. and Gymnogryllus humcralis, 
Wlk.) attacking young Grevillea plants by fumigation with petrol. 

COLEOPTEBA.^ 

Scarabaeidae. 

Swezov (1913) only obtained 20% kill of larvae of Anotmla orkntalU, Watcrli., 
attackinK sugar-cane in Hawaii with injections of 10 and 20 cc. on one, two or 
four sides of the stools. Cotton (1918) tested gasoline both alone and in conjunction 
with carbon disulphide as a remedy for white grubs (Lmhwislermi sp.) attacking 
sugar-cane in Poito Rico, but found it injurious to the cane at rate at winch it 
IdUed the grubs. Leelinans (lOl.-i) obtained 81% kiU of cassava grubs (Uncoyholta 
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rorida, h\, and Lepidiota stigma, F.) with soil injections, each of 80 cc. gasoline per 
plant. The treatment was, however, very expensive. When mixed with carbon 
disulphide at various rates, the effectiveness of the latter was considerably reduced, 

Chrysomelidae. ■ 

Feytaud (1932) mentioned fumigation with petrol as a useful emergency measure 
for the control of Colorado beetle adults {Leptimtarsa decemlineata, Say). 

Elateridae. 

According to Melaiider (1923) gasoline gave promising results as a method of 
killing wireworms previously concentrated to baits. 


DEPTBEA. 

Trypetidae. 

Wiesmann (1933) obtained 100‘X» kill of pupae of the clieiry fruit-fly {Nhu/ioktis 
cerasi, L.) in soil treated with 3 l./sq. m. In a field experiment on larvae, cherry 
trees were severely damaged, although only one fly emerged from under the treated 
trees. 


HYMENOPTBBA. 

Forraicidae. 

Hutson (1933) recommended 1-2 pints of ])etrol/30 sq. ft. (204-408 cc./sq. m,) 
placed in shallow furrows or holes along plant beds before planting to control the 
I'oot- eating ant, Doryhis orientalis, Westw. 


Petrolenm Ether. 

OOLBOPTERA. 

Scarabaeidae. 

Leach and Johnson (1925) stated that a saturated solution of petroleum ether 
ill water had no effect on Popillia japonlm, Newm., larvae when watered on to 
the soil about the roots of various perennial plants. 

Crude Petroleum and Petroleum Oils of an Unspecified Nature. 


OOLBOPTERA. 

Scarabaeidae. 

D’Fmmerez do Charmoy (1912) found a 1% petroleum emulsion was too expensive 
as a soil fumigant for larvae of Lachnosterna smithi, Arr., and other grubs attacking 
sugar-cane in Mauritius, A mixture of petroleum oil and creolin (see p. 36) was 
effective. 

Elateridae. 

Comstock and Slingerland (1892) tested a rather unstable emulsion consisting 
of one U.y. pint crude petroleum in whale-oil soai) and water, diluted with four to 
five times its volume of water, as a remedy for wireworms, but the results wore not 
promising. 

DIPTBRA. 

Trypetidae. 

Wiesmann (1933) obtained 100% kiU of pupae of the cherry fruit-fly {Rhagoklis 
cerasi, L.) in pot experiments with crude petroleum (Rohol) at 3 l./sq. m. 

Phenanthrene (C^Hio). 

Crystalline. 

Experiments in Air. 

Tattersfield and Kobei-ts (1920) ; non-toxic. 
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ISOPODA. 

Speyer and Owen (1924) found that it possessed only slight toxicity to the 
cucumber house woodlouse {Ar7rmlillidiiun, speyeri, Jackson) when mixed with soil 
in the proportions of 1 : 140. Its action, moreover, was slow and irregular. 

Phenylbromlde (see Brombenzene, p. 77). 

Phenylenediamlne (Diaminobenzene) (CeH4(NH.),). 

Crystalline. 

Experiments in Air. 

Tatterafield and Roberts (1920) : ///c/a-form non-toxic. 


Phenylhydrazine (CgH^NH NH.>). 

Crystalline. 

Experimerds in Air. 

Tattersfield and Roberts (1920) : non-toxic. 

Phloroglucinol (Trihydroxybenzene) (C6H3(OK)3). 

Crystalline. 

[SOPODA. 

Sijever and Owen (1924) reported tliat when mixed with soil in vaiying propoi’- 
lions it had httlc or no action on the cucumber house woodlouse [Armadilhdium 
speyeri, Jackson). 


Phosphates. 

OOLBOPTBRA. 

Scarabaeidae. 

Lint) (1929) tested the toxicity of the phosphate's of barium, cobalt lithium and 
mercur\' (mercuric) mixed with soil at 1,500 Ib./ac. (108 gm./sii. m.) to l opiHta 
japonicu, Newm., larvae in \)ot experimi'uts, but found them all meftective 
Fleming (1942) also found acid phosphate of no [iractical value for the control ot 
these grubs, even when applied at rates u)) to 8,000 Ib./ac. (890 gm./sq. m.). 


Elateridae. 

Miles and Cohen (1938) and Cougli (1942) have carried out experiments sug- 
gesting that superphosphate driUed near cereal seeds is ot value in preventing 
wireworm attack. 


Chrysomehdae. 

Fevtaud (1938) found appUcations of sn|ier|jhttsphat,c of oaUaum at 2,000 
kg./ha. (200 gm./sq. rn.) can.scd only slight risluotions ol Colorado boetlo larvae 
{Leptinotarsa decemlineata, Say) in pot experiments. 

Phosphine (Phosphoretted Hydrogen) (RH3). 

Gas. 

DIPTBRA. 

Experiments in Soil. 

Try^ietidae. . xr u u- 

Wiesmann (1933) tested a proprietary substance reputed to give off phosphine 
when in contact with the soil to control pupae ol the cherry fly (Rhagokiis cerast, 
L.) but found it useless. 

Picric Acid (see Trinitrophenol, p. 140). 


Pine Tar Oil (see Wood Oils, p. 141). 
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Polychlorbenzene (see o-Dichlorbenzeiie, |). 88). 

Polychlorpentane. 


ISOPTERA. 

Hockeiiyos (1939) tested j)olychlor[)eiitaiies (mainly eoiiHisting of tetraehlor- 
pentane) as insecticides or repellents for termites. When mixed with soil up to 
the proportion of 1/500, this substance caused no deaths within six days. 

Potassium Antimonate (K3«b04). 

Crystalline. 

COLBOPTEBA. 

IScarabaeidae. 

Lipp (1929) found it ineHective foi* the control of Fopillia japunica, Newm., 
larvae in pot exijeriments at 1,500 Ib./ac. (1G8 gm./s(p m.). 

Potassium Chlorate (KClOg). 

Crystalline. 

COLEOPTERA. 

Scarabaeidae. 

\ Lii)p (1929) found it inelfective for the control of Popillia japonica, Newm., 
larvae in pot experiments at 1,500 Ib./ac. (108 gm./sq. m.). 

Potassium Chloride (Muriate of Potash) (KOI). 

Crystalline. 

Muriate of potash is a well known potassic fertiliser. 4'he pt'culiar toxicity of 
l)oth the potassium and chlorine ions to wireworms and cockchater larvae noted 
by Subklew (1934, 1935, 1936 a, b) has already been mentioned under Kainit (p. 100). 

Experiments in Soil. 

COLEOPTERA. 

Klateridae. 

Comstock and Slingcriand (1892) reported that it was necessary to apply it at 
the rate of 4-0 tons/acre (1,408 -2,112 gm./sq. m.) before it had any etfeet on wire- 
worms. This is 20-100 times the normal rates of use as a fertiliser. 

Potassium Cobaltinitrite (2Co(NOg)3 . ()KN 0 . 2 . 3H2O). 

Crystalline. 

COLEOPTERA. 

Scarabaeidae. 

Lipp (1929) found it ineffective for the control of Popillia japonica, Newm., 
larvae in pot experiments at 1,500 Ib./ac. (168 gm./sq. m.). 

Potassium Cyanide (KCN). 

Crystalline. 

Like the sodium salt, potassium cyanide is usetl as a solid and in solution. 
Mammelle (1910) suggested injecting a 20% solution with a Vermorel injector in 
holes 10-20 cm. deep, using 8-10 cc. per hole and 6-15 holes/sq.m. (15-20 gm./sq. m.). 

HEMIPTERA. 

Aphidae. 

Reppert ei al. (1922) destroyed woolly apple aphis {Eriosoma lanigerum, Hsm.) 
infestations on nursery stock with applications of oz. (7-14 gm.) cyanide per 
tree, but the trees were severely injured. 
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COLROPTBBA. 

Scarabaeidae. 

Swezey (1913) attempted imsuecessfiilly to control Oriental beetle larvae 
{Anomala orwitalis, Waterh.) attaeking augar-cane in Hawaii by applying 5-20 cc. 
per stool of a solution containing 1 lb. cyanide/U.S. gal. (119 gm,/l.). Leefmana 
(1915) found 2^ and 5 gm. a|)plied in two holes, one on each side of cassava plants, 
only gave 6-38% kill of the cassava grubs (Leucopholis rorida, P., and Lppidiota 
stigma, F.). 20-40 cc. of a solution of 200 gm./l. applied under the plant gave only 
13-27% kills, Jarvis (1916) obtained good results in the control of cane-beetle 
grubs {Dermolepida alhohirUm,, Waterh.) with the Mammelle method, applying two 
|-oz. (14 cc.) injections of a solution of 7 oz./qt. on each side of the stool. H(‘ also 
obtained 100% kill of the grubs using a solution of 1 lh./200 gals. (0-5 gm./l.). The 
cane showed slight wilting of the leaves hut recovered. Cotton (1918), using up 
to 50 cc. per stool of a solution of 200 gm./l., obtained only 39% kill of white grubs 
{LadinosUrna, sp.) attacking sugar-cane in Porto Rico. Wolcott (1924), also in 
Porto Rico, found that cyanide did not kill any fully grown white grubs {fMchnn- 
sterna sp.) when applied up to 200 Ib./ac. (22 gm./sq. m.). 70% kill was obtained 
with 500 Ih./ac. (56 gm./sq. m.), but 100 Ib./ac. (11 gm./sq. m.) gave 80% kill of 
sccond-instar larvae. 

Chrysomelidae. 

Feytaud (1932) found a solution of 5 gm./l. at 2 l./sq. m. (10 gm./sq. m.) was 
useless to control adults and larvae of the Colorado Iw'etle. {Lepfinofarsa drcemlinc.aUi, 
Say). 

DTPTERA. 

Cecidomyiidae. 

Sjoberg (1936) recommended potassium cyanide at 1 and 2 gm./sq. m. for the 
control of cocoons of the wheat gall-midge {C(mkmni(i tritici, Kby.). 

Summary. 

Potassium cyanide has not been so extensively nor so successfully used as 
sodium cyanide. It has usually been used in solution, applicnl in small amounts 
close to plants being atta(!ked by insects. 

Potassium Nitrate (Saltpetre) (KNO3). 

Crystalline. 


COLEOPTERA. 

Scarabaeidae, 

Jarvis (1916) obtained negative results in the control of the sugar-cane grub 
{Dermolepida alhohirUim, Waterh.) with a solution of I lb. potassium nitrate per 
litre, watered on to the soil. 

Elateridae. 

Malenotti (1927) found potassium nitrate useless as a control measure for wire- 
worms when broadcast on the surface, but it had som(‘ value as a ])rotectant for the 
seed. 

Potassium Perchlorate (KCIO 4 ). 

Crystalline. 

COLEOPTERA. 

Scarabaeidae. 

Lipp (1929) found it ineffective for the control of Popillia japonica, Newm., 
larvae in pot experiments at 1,5(K) Ib./ac. (168 gm./sq. m.). 
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Potassium Permanganate (KMn04). 

Crystalline. 

COLEOPTERA. 

Scarabaeidao. 

Decoppet (1920) stated that according to information provided by Dr. Schneider- 
Orelli, potassium permanganate applied to the soil in 2% solution at 500 cc./sq. m. 
(10 gm./sq. m.) was without effect on cockchafer larvae {Melolontha rnelolonthay L.). 

DIPTERA. 

Tipulidae. 

Gilmore and Milam (1934) found a solution of 4 gm. potassium permanganate 
in 1 U.S. gal. water used as a drench IVu* tobacco sec'dling beds effectively controlled 
larvae of Limnophila ultima, O.-S., causing damage l)y tunnelling in the soil. 

Psilidae. 

K. M. Smith and Wadsworth (1921) found five applications of a solution of 1 oz. 
in 2 gals, water applied to rows of young carrots was ineffective in preventing or 
controlling attack by the carrot fly rome, F.). 

Anthomyiidae. 

The same authors reported that six applications of the solution to onion rows 
resulted in 55% of the plants b(ung fr(M“ from attack by the onion fly {Hylemyia 
antiqua, Mg.). 

Potassium Sulphate (K..SO 4 ). 

Crystalline. A potassic- fertiliser. 

COLEOPTERA. 

Chrysomelidae. 

Feytaud (1938) found applications of 1,200 kg./ha. (120 gm./sq. m.) caused only 
slight re'ductions of (k)lorado beetle larvae {Leptinolnrm dm>7nlirmat(i. Say) in pot 
experiments. 

Potassium Sulphide (KgS. SHoO). 

Crystalline, 

DIPTERA. 

Anthomyiidae. 

Goff (1889) found no reduction in the number of larvae of the cabbage-root fly 
{Hylemyia brassicae, Bch.) at the roots of plants treated with } U.H. pint of a solution 
of i oz./U.S. gal. of j)otasaium sul])hide. At 1 oz./gal. two teaspoonfuls per plant 
injured the plants. 

Mycetophilidae. 

Speyer (1923 a) was unable to control larvae of Pnyxia scahiei, Hopk., a pest 
of cucumbers, with two applications of 100 cc. per pot of 1 and 2 % solutions. 

Potassium Xanthate (C.H 5 O . CS . SK). 

OOLBOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0-16% was toxic to larvae of Popillia 
japonica, Newm., for an exposure of ore week. 

MYEIOPODA. 

An anonymous author (California, 1926) failed to control the glasshouse Symphylid 
[Sc^Uigerella immmuhta, Newp.) in asparagus fields with potassium xanthate, 
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Michelbacher (1932) tested it in small plots against the same pest ; mixed with an 
equal amount of sulphur, 62% kill was obtained at 2,400 Ib./ac. (269 gm./sq. m.), 
though there was a considerable difference between duplicate plots. 


MISCELLANEOUS. 

Muir and Swezey (1926) found pottussium xanthate promising as a control tor 
various soil pests in Hawaii. 

For other Potassium Salts see Cobalt Compounds, p. 84, Fluosilicates, p. 95. 

Propylene Derivatives. 

COLEOPTERA. 

Scarabaeidae. 

Bell (1935) found propylene chlorhydrin, propylene dichlotidp; and propylem^ 
oxide all less toxic to sugar-cane grubs albohirtiun, Waterh.) than 

carbon disulphide. 

Pseudocumene (Trimethylbenzene) (CeH3(CH3)8). 

Liquid. 8.G. 0-879 at 20'^ C. 

Experiments in Air, 

'J'attersfield and Roberts (1920): moderately toxic- (95). 

Experiments in Soil. 

IIEMIPTERA. 

Coccidae. 

Saunders (1926) stated that 2 cc. injections into the soil of a small pot killed the 
mealybug {Rhizoecn^s terrestris, Ncwst.). 

Pyrethrum. 

Pyrethrurn is the powder (or an extract made from it) ground from the Pyreihrmn 
(lower. Much research has been done on the natures of the active-. ])rinciplos cofi- 
taiiied in it, which arc^ known as pyrethrins. It is one of tin; most im})ortant of 
the contact insecticides and has the advantage that it is non-poisonous to mammals. 


Experiments in Soil. 

LBPIDOPTBBA. 

Crambidae. 

Applying a diluted extract (1/640) at 1 U.S. gal./sq. yd., Noble (1932) brought 
the larvae to the surface, where they died (approx. 7 cc. extract/sep m.). Stone 
and Elmore (1937) also found the larvae came to the surface after treatment at 
the same rate, but very few were killed by it. North and Thompson (1933), using 
a 1/592 dilution at 1 U.8. gal./sq. yd. (8 cc./sq. m.), estimated the damage caused 
to a treated lawn by the larvae at 43 and 57 units compared with 86 units of damage 
to the untreated area. Jewett (1939) at similar rates (1/640 and ajjprox. 8 cc./sq. rn.) 
obtained kills of 90-96^/, in tliree successive seasons. Bohart (1940) also obtained 
kills approaching 100% with a 1/400 dilution applied at 1 U.S. gal./sq. yd. (11 cc. 
extract/sq. m.). 

COLEOPTERA. 

Elateridae. 

Headlee (1930) studied the effect of pouring J U.S. pint of a diluted pyrethrum 
preparation containing 0-083 to 0-125% toxic principle around the bases of plants 
infested with wireworms. He obtained poor results in clay soils but up to 78% 
kill in sandy loams. Only low kills were obtained in laboratory experiments. No 
apparent damage was caused to a wide range of plants. He also investigated the 
filtering action of the soil on the extract and found that the surface tension of the 
filtrate steadily increased the greater the depth of soil through which it hgd passed. 
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This was due to the taking up of the soap (sodium oleate) in the preparation. 
Toxicity tests of the filtrate to Aphis rumicis, F., showed a ra[)id diminution of 
toxicity up to 4 ins, (10 cm.) and a slow but steady diminution thereafter. There 
was no lo.Hs of toxicity when washed sand was used instead of soil. Later (1931) 
he stated that pyrethrum rendered miscible with water by the addition of a sul- 
phonated oil was able to penetrate the soil with little loss of toxicity, and a much 
higher mortality was obtained. 

Pepper (1937) obtained negative results with a 1/200 flilution of pyrethnim 
extract applied to brassicas at 1 U.8. pint per plant. 

Curculionidae. 

English and Graham (1938) only obtained a 20% kill of larvae of the white- 
fringed beetle {Pantomonis lemohrm. Boh.) by immersing soil balls containing 
larvae in a solution of 20 gm./U.S. gal. 

i 

DfPTERA. 

Cecidomyiida(^ , . 

Muhlow'and'Sjdberg (1937) found no reduction of wheat gall-midges {Contarinia 
tritici, Kby., and Sitodiphsis mosplhna, Geh.) on plots dusted with pyrethrum 
powder. A miscible kerosene extract diluted to 1/30 and sprayed on the plots at 
1 gal./lOO sq. yd. (approx. 2 cc. extract/sq. in.) .subsequently reduced the jiercentage 
of infested ears fromJ6 in the controls to 7 in the treated plots. A 1% dilution 
in water applied at Land 2 gal./lOO sq. yds. reduced the percentage from 15 to 9, 

MYRIOPODA. 

C. A. Thomas (1928) found a proprietary pyrethrum extract ineffective for th(' 
control of Saitigerella immmulaf/i, Newp. 

The Addition of Pyrethrum to other Substances. 

Carbon Disulphide. 

Burdette (1932) showed that the addition of pyrethrum to carbon disulphide 
emulsions enhanced their toxicity to wireworms attracted by trap crops. Pepper 
(1937), however, found such mixtures to be of little value in the control of wire- 
worms about the roots of brassicas. 


Summary. 

Pyrethrum would appear to bo unsuitable as a soil insecticide except, possibly, 
for insects living near the surface such as Crajnbid larvae. For these, rates of 
7-11 cc. extract/sq. ra. have given good results. 

Pyridine (C5H5N). 

Liquid. S.G. 0-990. 

Determination (see Daroga and Pollard (1941 a)). 

Experiments in Air. 

Tattersfield and Roberts (1920) : moderately toxic (76). Fleming (1925) : 
minimum lethal dose 124 mg./l. Lehman (1933) recorded the median lethal dose 
(50% kill) for the wireworm, Phdetes califomicus, Mannh., as 5-89 mg./l. for an 
exposure of 5 hours ; it was 5-3 times as toxic as carbon disulphide. 

Experiments in Soil. 

PCMIPTBRA. 

Coccidae. 

Saunders (1926) found a 1% solution of pyridine watered on the soil of a small 
flower-pot killed the mealybug, Rhizoecus terrestris, Newst, 
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, COLEOPTERA. 

Scarabaeidae. 

Leach and Johnson (li)2r)) reported that a. 3% solution had no effect on larvae 
of Popilha japonic/i, Newm., vvlien watered on to the soil about tlu' roots of perennial 
j)lant8 ; the plants were killed. 

Elateridae. 

Peterson (1917) obtained negative results with pyridine alone and in conjunction 
with sodium sul[)hocarbonate or lime-sulphur in the control of wire worms. 

Curculionidae. 

F. F. 8mith (1932) found solutions of pyridine, in varying concentrations, had 
no effect on larvae of the vine w(H'vil {(Hiorrhijnchm sulmfus, F.) when water('d on 
to the soil, and the solutions also injured cyclamens and ))rimulas, on which tlu^ 
larvae were feeding. 


DIPTERA. 

Anthomyiidae. 

Brittain (1921, 1922) reported apj)reciable reductions in the percentage of 
cabbage plants attacked by the root fly {IfijPmi/m brasMcae, Bch.) on jjlots treated 
with pyridine (5%) absorbed in either clay or charcoal (95'*/,). He also (1923) 
obtained promising results witli crude pyridimi bases. 


Trypetidae. 

Wiesmann (1933) treated an area under a cherry tree infested with larvae of 
the cherry fruit-fly {Rhagolefis cerad, L.) with 5 l./sq. m. of an 8'/(, pyridine solution 
(396 gm./sq. m.). Only one fly (unerged and no damage was done to the tree. 
Later (1934) he obtained good results in the control of pu])ae with 10 l./sq. m. of a 
solution (495 gm./s(p m,). Thicm (1939) obtained good results in the control 
of the pupae with a I'X, solution at 14 l./sq. m. (139 gm./sq. m.) in one season, but 
poor results the following year. 


Pyrocatechol (CeH^lOH)^). 

Crystalline. 


ISOPODA. 


Speyer and Owen (1924) found it had little or no action on the cucumber house 
woodlouse {Arrnndillidiuin Hpeyari, Jackson) when mixed with the soil at high rates. 

Pyrogallol (CeH3(OH)3). 

Crystalline. 

ISOPODA. 

Speyer and Owen (1924) found it had little or no action on the cucumber hoiise 
woodlouse {Arynadillidium speyeri, Jackson) when mixed with the soil at high rates. 


Pyroligneous Acid. 

Pyroligneous acid is the. aqueous distillate resulting from the destructive' dis- 
tillation of wood. It contains methyl alcohol, mixed with acetic acid and acu'tone 
and a little methyl acetate. 

HEMIPTERA. 

Coccidae, 

Saunders (1926) reported that a 5% solution killed tin; mealybug, Rhizoecuft 
terrestris, Newst., when watered on to the soil. 


Quassia. 

Quassia chitis are derived from the wood of the shrubs, Quassia amara, L., or 
Atmhrion excelsa, Swz., both of the family Siraarubaceae (Shepard, 1939). BV 

K 
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insecticidal purposes the chips are extracted in water ; it is not an insecticide of 
great importance. 

DIPTEBA. 

Anthomyiidae. 

Krasnyuk (1931) found a quassia and soap solution applied to cabbage plants 
had very little effect on the percentage of plants attacked by the root dy (Hylemyia 
hrassicae, Bch.). 

QuIdoI (see Hydroquinone, p. 100). 

Resorcinol (C6H4(OH)a). 

Crystalline. 

ISOPODA. 

Speyer and Owen (1924) found it had little or no action on the cucumber house 
woodlouse {Armadillidimn speyeri, Jackson) when mixed with the soil at high rates 

Rhodanates (see Thiocyanates, p. 136). 

Saltpetre (see Potassium Nitrate, p. 125), 

Sillco Fluorides (see Fluosilicates, p. 95). 


Soap. 

COLEOPTERA. 

Onrculionidae. 

Vasina (1927 b) treated soil with a solution of 15 gm. soft soap per 380 gm. 
water to control |)upae of the cabbage stem weevil {Ceuthorrhynchus quadridens, 
Fanz.). Only six adults out of 30 pupae emerged from the treated soil, compared 
with 28 out of 30 in the control. 


DTPTBRA. 

Anthomyiidae. 

K. M. Smith and Wadsworth (1921) and K. M, Smith (1923) obtained marked 
increases in the yields of onions on plots treated with I oz. resin soap solution 
in 2 gals, water, 

Vasina (1927 a) and Krasnyuk (1931) both found applications of soap solution 
to cabbages ineffective as a control measure for the root fly {Hylemyia hrassicae 
Bch.). 

Sodium Benzene Sulphonate (CoH5S03Na). 

Experiments in Air. 

Fleming (1925) : non-toxic up to 796 mg./l. 

Sodium Bisulphite (Sodium Hydrogen Sulphite) (NaHSOg). 

Crystalline. 

COLEOPTERA, 

Chrysomelidae. 

Feytaud (1932) found a commercial solution applied to the soil at 1 l./sq. m. 
of little value for controlling Colorado beetles {Leptinotarsa decemlineata, Say), 

Sodium Chloride (Common Salt) (NaCI). 

Crystalline. 

Experiments in Water. 

Leach and Thomson (1921) found a 5% solution did not kill PopilUa japonica, 
Newm., larvae when they were dipped in it. 
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Experiments in Soil. 

LEPIDOPTERA. 

Noctuidae. 

Hawley (1918) treated hop hills with 3 U.S. quarts of a saturated salt solution 
to control the hop borer {Hydro^cia ummnis, Gn.) without any effect ; the vines 
were killed by the treatrniMit. 


COLEOPTEBA. 

Elateridao. 

Comstock and Slingerland (1892) tested salt as a remedy for wireworms but 
found that it was not effective below b S tons/acre (1 ,500-2 ,0(X) grn./sq. m.), at 
whicli rate it was very destructive to vegetation. Hawkins (1930) did experiments 
in Maine, using it at 700-800 Ib./ac. (78-90 gm./sq. m.), to control the wireworm, 
Agriotes 7nancus, Say, but found it useless. It may be worth mentioning here that 
many British farmers ar(‘ convinced of its value in the control of wireworms. 

niPTBRA. 

Anthomyiidae. 

Brittain (1920, 1921) found half-saturated and saturated salt solutions a})plied 
to cabbage plants had no ettect on the degrcM^ of infestation by tlu* root Hy {Hylemyia 
hrassicae.f Boh.). 

Sodium Cyanide (see ]>. 02). 

Sodium Xanthate (Call^OCSSNa). 

This compound is produced when carbon rlisulphide is added slowly to a mixture 
of sodium hydroxide and alcohol. It doeom])oses in the presence of a weak acid 
giving off carbon disulphide. 

Experiments in Water. 

Leach and Thomson (1921) found dipping the larvae of Popillia japonica, Newm., 
into a L5% solution for 3 hours had no effect on them, but a mixtun^ of 9*25% 
xanthate and 0-07% acetic acid kille<l all the grubs within 2 hours. 

Sodium 1-Naphthol 4-Sulphonate (CjoHeOHSOgNa). 

Crystalline, 

COLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0*33% was toxic to Popillia japonica, 
Newm., larvae for an exposure of 3 weeks. 

Sodium p-Toluene Sulphonate (CHgCeH^SOaNa). 

Experiments in Air. 

Fleming (1925) : non-toxic up to 796 rag./l. 

For other Sodium Salts (see Borates, p. 75, Arsenic Compounds, p. 72, Fluorides, 
p. 95, Fluosilicates, p. 95, Sulphocarbonates, p. 132). 

Soot. 

A very variable product usually consisting mainly of carbon with small 
quantities of nitrogen in the form of ammonium chloride and a small amount of 
tar. Its deterrent properties to insects are said to depend on its sul])hur content. 

COLEOPTERA. 

Scarabaeidae. 

According to Thompson (1934), a dre.ssing of 25 cwt. soot/ac. (315 gm./sq. m.) 
before ploughing appeared to give effective control of cockchafer larvae {Melolontha 
melolontha, L.). 

k2 
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Anthomyiidae. ^ 

Soot is widely used and recommended by small-holders and gardeners as a remedy 
for cabbage and onion root maggots (and also carrot fly — Psilidae). K. M. Smith 
and Wadsworth (1921) found six applications of soot dusted over onion rows had 
very little effect on the incidence of root fly attack {riylemyia antiqua, Mg.), as only 
16% of the plants were not damaged. 

Strontium Salts (see Borates, p. 75, Fluorides, }). 95). 

Sulphocarbonates (Thlocarbonates) of Sodium and Potassium (Na2CS3H20 and 

K2CS3). 

Dumas (1874) first proposed the use of |)otassium sulphocarbonate as a soil 
inse(;ticide for the Phylloxera of the vine. This substance is soluble in water, 
forming a dark red solution which is diluted for application. The strength of the 
solution is sometimes expressed as degrees Baiirue (Be °), a measure calculated 
from the specific gravity. Under the action of carbon dioxide the sulphocarbonate 
decomposes, liberating carbon disulphide and a les.scr amount of sulphuretted 
hydrogen. 

Molinas (1914) advocated it strongly and advised 1% by volume of a commercial 
solution for the control of slugs, cutworms, wireworms and millepedes. Leach and 
d’homson (1921) des(!ribc a method for the prc[)aration of the sodium salt which 
acts similarly, ddiey found that the addition of a small quantity of a weak acid, 
such as acetic, by encouraging the production of carbon disulphide, enhanced the 
toxicity of solutions to naked larvae of the Ja[)anese beetle. 

HEMIPTERA. 

Coocidae. 

Saunders (1926) in pot experiments found a 1% solution of potassium sulpho- 
earbonate, which was the most satisfactory, or a 5% solution of sodium or calcium 
sulphocarbonates, killed the mealybug, Hhizoecm terrestrw, Newst., without injuring 
the Acacia plants on which they were feeding. 

Aphidae. 

Krassilstchik (1915) recommended 8 to 11 gals, of a 4% solution poured over the 
previously exposed roots of apple trees to control woolly apple aphis [Eriosoma 
lanigerum, Rsm.). Details of the method of application to control the vine 
Phylloxera {Phylloxera vasfMrix, Planch.) have been given by several French authors 
in the latter part of the nineteenth century, among whom Girard (1883) may be 
cited as a random exanqfle. 


LEPIDOFTBRA. 

Aegeriidae, 

Peterson (1923 a) obtained inconclusive results in the control of peach tree 
borer (Aegeria exitiosa, Say) with J to 1 fl. oz. of a concentrated solution poured 
on the ground near peach trees. 

Cossidae. 

Jean (1922) controlled larvae of Jlypopta cMsstrum, Hb., attacking asparagus 
roots by pouring on a solution of potassium sulphocarbonate of 250 to 500 gm. /hecto- 
litre either in small channels or in four holes, each 25 cm. deep, per sq. metre. 

COLEOPTBRA. 

Scarabaeidae. 

T^each and Thomson (1921) found that applications of sodium sulphocarbonate 
at rates sufficient to kill larvae of Popillia japonica, Newm., also seriously damaged 
the roots of conifers. 100% kill of larvae in soil balls was obtained five days after 
dipping the balls in a solution of 30 cc,/U.8. gal. for 30 mills. There was no advantage 
in adding acetic acid to encourage (lecomposition. According to Decoppet (1920) 
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a 2% solution of the potassium salt applied at 70 gm./s(p m. was inefl'ective in 
controlling eockchafer larvae [Melokyntha melolontha, L.). Lopez (1931 h) obtained 
good results in the control of white grubs {Leucopholis irroraUi, Chevr.) with potas- 
sium sulphocarbonate in laboratory experiments, but found the treatment less 
satisfactory and very expensive in the held. Aftei- treating lOO-ft. rows of sugar- 
cane which had been destroyed by the grubs with 28 l./row, he found 43% fewer 
grubs in the treated rows than in the untreated rows. Hermans (1932) was unable 
to control May-grubs {MehlontJut sp.) in the soil with eoncentrations below !{%, 
at which strength the grass was killed. 

Elateridae. 

Peterson (1917) found sodium sulphocarbonate, alom; and with pyridine, 
ineffective for the control of wireworms. 

Curculionidae. 

F'rench and Hammond (I92h) obtained good nwults in tlu' control oi' the a[)ple 
root borer {Leptops hopei, Fhs.) with l.l to 3%, solutions of potassium sul))hocarbonate 
applied at 8 gals, per tree in winter when the soil was saturated, but the treatment 
was inelTective iri the slimmer even with applications of 3h gals, per tret?, h gals, 
of sodium sulphocarbonate was of no valu(>. F. F. Smith (1932) found solutions of 
[lotassium sulphocarbonate ineffective for the control of the black vine weiwil 
{Otiorrhynchm sulcatusy F.) at concentrations tolerated by the host ])lants, cyclamens 
and primulas. 

Ceram by cidae. 

Pussard (1933) controlled the (’erambycid, rc.s7>fr//.s F., attacking the 

roots of carnations, by watering the soil with a 2"„ solution of potassium sulpho- 
carbonate. In an anonymous publication (New Mexico 1935), 100",, kill of larvae 
oi PrionuH calif ornic/m, Motsch., caged in artificial sheltc'rs buried in trench(>s, with 
a solution of potassium suljihocarbonate of 1 oz./LhlS. gal./cu. ft. was reported. 

DIPTERA. 

Psilidae. 

K. M. Smith and Wadsworth (1921) obtained complete freedom from attack by 
carrot fly {Pffila rosae, F.) on plots treated with four applications of sodium sul])ho- 
carbonate at 1 oz./gal. and applied at 2 oz./12 sq. yd. 

Anthomyiidae. 

(Solutions of the same strength as for carrot hy ajiplied to onions to reduce attack 
by the onion fly (Hyhmyia antiqua, Mg.) only resulted in a slight increase of yield 
(Smith and Wadsworth, 1921). 

Summary. 

A])art from the original experiments on vine Phylloxera comparatively few 
successful results have been reported for this substance. 

Sulphur (S). 

HEMIPTERA, 

Aphidae. 

Outright (1925) found 4 oz. (112 gm.) of ground sulphur dug into tJie soil around 
(he roots of asters had no effect oji the white aster root aphis {Prociphilm erigeronensin, 
'fhos.). Applied to peach trees to control the black peach aphis {A mraphis persicae- 
niger, Smith) at 1-16 Ib. per tree to 8 kg.) it killed nearly all the trees, 

COLEOPTERA. 

Scarabaeidae. 

Cottier (1932) applied a product containing 21% free sulphur to small plots as 
top dressing at 1,200 Ib./ac. (28 gm./sq. m.) without any effect on the New Zealand 
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grans grub {Odontria zmhndica, White). In pot experiinejits sulphur apj)lied at 
0 tons/ae. (1,510 gm./sq. m.) was equally ineffective. 

Elateridae. 

Campbell and Stone (1932) found that at)plications of sulphur up to 1,000 Ib./ac. 
(112 gm./sq. m.) in field experiments neither reduced the numbers of wireworms 
[Pheletes calif orniem, Mannh.), nor diminished damage to potatoes, although it 
materially reduced the pH of the soil. Hawkins (1936) obtained 50% kill of wire- 
worms in a pot experiment after 15 days’ ex])osure and a complete kill after 30 days 
with 2 oz. sulphur applied to a 6-in. pot (approximately 3,100 gm./sq. m.). 

DIPTKRA. 

Anthomyiidae. 

K. M. Smith and Wadsworth (1921) obtained an increased yield of onions from 
a plot treated with a suspension of sulphur (2 oz.) in soft soap (1 oz.)/2 gals, water 
sprayed on the onion beds to control attack by the onion fly [Hylemyia antiqudt 
Mg,). 

MYRIOPODA. 

Michelbacher (1932) found a mixture of sul])hur and hydrated lime applied to 
small plots at 1,200 Ib./ac. (135 gm./s(p m.) useless for the control of the glasshouse 
Symphylid {Scutigarelh imrmmlata, Newp.). Mcl^eod and Butcher (1934) stated 
that damage to ])otatoes by the millo{)ede, Diploiulus londinensis coeruleocinctm, 
Wood (and also larvae of Sciara sp. — Diptera), appeared to be reduced under certain 
conditions by applying sulphur at 150 to 600 Ib./ac. (17 to 67 gm./sq. m.), provided 
the soil pH was reduced below 5. It was not, however, a satisfactory control. 

MISCELLAxNEOUS. 

According to Bulger (1928), 2,000 Ib./ac. (224 gm./sq. m.) was required to reduce 
the soil pH to 2*8, and even this degree of acidity was tolerated l:)y ants, cutworms, 
white grubs and wireworms. It was also harmful to plants, and there was no 
evidence that sulphuric acid could be produced in the soil in quantities a])proaching 
those of insecticidal value. With well-buffered soils even 4,000 Ib./ac. (448 gm./sq. m.) 
only produced a very slight drop in pH. 

Addition of other Substances to Sulphur. 

Nicotine, Brittain (1920). 

Potassium xanthate (see p, 127), Michelbacher (1932). 

Tobacco dust (.see p. 138), Hawley (1918). 

Sulphuric Acid (H28O4). 

Liquid. S.G. 1-834 at 4“ 0. 

OOLEOPTERA. 

ycarabaeidae. 

Davis (1920 a) af)plied .solutions of 1/96 at 2,616 U.S. gals./ac. (46 gm./sq. m.), 
1/48 at 1,308 U.S. gals./ac. (45 gm./sq. m.), and 1/24 at 872 U.S. gals./ac. (62 gm./ 
sq. m.), but never obtained more than 10% kill of Popillia japonica, Newm., larvae. 

DIPTERA. 

Tryi)etidac. 

Wiesmann (1933) obtained 75% kill of pupae of the cherry fruit-fly {lihayoktis 
cerasi, L.) with 5 l./sq. m. of a 30% dilution (2,745 gm./sq. m.). 

Sylvinite. 

Sylvinite is a naturally occurring compound containing potas.sium and is 
primarily used as a potassic fertiliser. 



136 


DIPTBRA. 

Cecidomyiidae. 

Olombel (1931) stated that caulillowers grown on soil treated with sylvinite at 
1,200-1,500 kg./ha. (120-150 gm./sq. in.) were less severely attacked by the gall- 
midge, Contarinia torquens, de Meij. 

Terpenes (see Leach and Johnson, 1926, under Wormseed Oil, p. 142). 

Tetrachlorethane (Acetylene Tetrachloride) (CHClaCHClg). 

Liquid. S.G. 1-58 at 25'^ C. 

ORTHOFfERA. 

Gryllidae. 

Feytaiid (1933 b) reported that soil injeiitions ot 40 gm./sq. ni. ot tetrachlorethane 
gave effective control of the mole cricket, Gryllotalpa gryllotalpa, L. 

HBMIPTERA. 

(voccidae. 

Saunders (1926) tV)und wat(M-ing the soil with 1% solution ot misihble tetrachloi- 
cthanc killed mealybugs, Bhizoecus terrestris, Newst., without injuring Acacia plants. 

Aphidae. 

Borner and Thiem (1925) tested tetrachlorethane in the form of a jelly but found 
its toxicity to PhylloxeTd much inferior to that ot carbon disulphide. 


LEPIDOPTERA. 

Aegeriidae. 

Peterson (1923 a) obtained 97% kill of the ]H>ach.tree borer (/lc(/ma 
Say) with 1 oz. of a mixture of tetrachlorethane (45%) and tobacco dust (oo /o), 
but the trees were sometimes killed. 


COLEOPTERA. 

Elateridae. 

According to Parker (1928), tetrachlorethane appeared to be toxic to wiroworms 
and other soil insects in laboratory tests. 

Cerambycidae. 

In an anonymoiia publication (Now Mexico llClb), it is .stotod that 70y„ kill oi 
larvae of Priomm cdifornicvj>, Motsch., caged m artifacia shelters, was obtained 
with an emulsion consisting of 1 oz. tetrachlorethane and 2 oz. soap to 1 U.h. gal. 
water per cu. ft. 

DIPTEBA. 

Psilidae and Anthomyiidae. 

K M Smith (1925) tested tetrachlorethane (5%) absorbed m chalk (95%) to 
control carrot fly {Psila rosm, E.) and the cabbage and onion root maggots 
bras8icae, Bch., and //. antiqm, Mg.), but in no case was there any significant 
improvement over the control plots. 

Trypetidae. 

Thiem (1935) obtained 99-100% kills of pupae of the cherry 
cerasi, L.) ^th 1, 2 and 3% emulsions consistmg of 100 oc. tetrachlorethane, 26 cc 
oil soap containing spirits, to 10 Utres water The emulsion wm ^ 

b/sq. m. (approximately 1.50 gm./sq. m.). This mixture was particularly “r 

.lisinW.in g areas from which the wild host plants had been removed, as it was liable 
to injure trees with which it came in contact. 
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Miscellan euus. 

See Marehal (1931) under Benzene (p. 74), 

Thiocarbonates (see Sulphocarbonates, p. 132). 

Thiocyanates (Rhodanates). 

The thioeyanates ani salts of thiooyanie aciid, H .CNS, and the organic thiocyanates 
have come into i)rominence of recent years as contact insecticides, being especially 
useful as ovicides for incorporation in winter washes for fruit trees. 

COLEOPTERA. 

IScarabaeidae. 

Bennett (1940) obtained 50% kill of larvae of the garden (;hafer {Phylhprrtha 
liorticoh, L.) in artiheially infested plots by wati'ring with a 1-28% solution of 
dodocyl thiocyanate. He obtained 50 and 80% kill, re.spectively, witli 1 and 2% 
emulsions of butyl carbitol thiocyanate ()3-butoxy-)S'-thiocyanodiethyl ether), but 
severe injury was caused to the treated grass. The mortality in the check plots 
was 5%. 


Blateridae. 

Miles and Cohen (1939) tested emulsions of the following organic thiocyanates 
as soil insecticides for wireworms {Agriok.s sp.) in laboratory e.vperiments. 

Ethyl Thiocyanate. At 2 gals./scp yd. of a 2-1% emulsion (114 cc,/sq, m.), 85% 
kill was obtained after 6 days. 

Butyl Thiocyanate.. At 2 gals./sq. yd. of a 2-1% emulsion (114 cc./sq. m,), only 
30% kill was obtained aft(u- 4 days. 

" Lethune 410 ” (a mi.xture of 75% butyl carbitol thiocyanate and 25% kerosene). 
At I gal./sq. yd. of 33% emulsion (1,820 cc./sq. m.) all the wireworms were dead 
within 10 days. 

An aliphatic Thiocyanate (8.W.9). M% emulsion gave no control after 9 days. 

Benzyl Thiocyanate. At 2 gal./.s(|. yd. a 2-1% emulsion (114 cc./.sq. m.) gave 
70% kill within 5 days. As in most (mses the percentage kill materially increased 
after a j)eriod of time, the authors thought it was possible that breakdown products 
were responsible for the later kills. 

Thus it would appear that the thiocyanates are not likely to be suitable for the 
control of wireworms e.vcept at non-eeonomic rates. 

Curculionidae, 

Knglish and Graham (1938) found the immersion of .soil balls for 15 minutes in 
solutions of proprietary thiocyanates (Lethane 410 and Lorol) did not give effective 
control of larvae of the white-fringed beetle {Pantmnorm kucoloma, Boh.). 


HYMENOPTEEA. 

Formicidae. 

Walker and Anderson (1937) found 1/200 dilution of a thiocyanate gave fairly 
good control of the pavement ant {Tetramorium caespituni, L.) attacking egg-plants, 
but reinfestation occurred after two weeks. 

Thymol (Methyl Iso-Propyl Phenol) (CH3CeH3(OH)C3H7). 

Crystalline. 

Experiments in Air. 

Fleming (1925) . minimum lethal dose 44 mg./l. 
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Experiments in Soil. 
Scarabaeida(?. 


COLBOPTBRA. 


Leach and Johnson (1925) obtained 9(I-1(K)% kill of Popillia japonica, Newm., 
larvae when a saturated solution of thymol was poured over the soil about the roots 
of infested plants, tlujugh the: treatment cheeked the plants e.onsiderably. Leach 
and Thomson (1921) had previously reported poor results in similar experiments. 


ISOPODA. 

Speyer and Owen (1924) found soil mixed with thymol in the proportion of 
1 : Ihb was toxic to the eu(mnd)er houses woodlouse {ArmadiUidium speyeri, Jackson) 
after an oxposun' of J days, and remained (dfective for a further six. 

Tobacco Extracts and Dusts (see also Nicotine, p. 115). 

Extracts. 


HEMIPTERA. 

Coccidae. 

H.argr(^aves (1924 u) (‘oul rolled tlu' colVee-root mealyhiig (probably PseudococcMS 
hnyae, L(^ Pelley) by toba(‘co-s(mp solution, but staL'dthat it was only a temporary 
m(*asure which it was necessary to repeat (wery 3 months. 

Aphidae. 

(lirardi (1916) advised the use of a 1% tobacco extract witli potash soap as a 
remedy for root Aphids. Malenotti (1922) experimented with a 4% tobacco extract 
mixed with kerosene to control tin; black peach aphis {Anurapkis persicae-niger, 
8mith) on the roots of peach trees. did not obtain very satisfactory results, 
tliough they were somewhat improved by exposing the roots before treatment. 


COLEOPTERA, 

Searabacidae. 

Cotton (I91S) rej)orted that a decoction of 8 oz. cured tobacco in 3 U.S. gals, 
water a])plied to sugar-cane stools in 1 U.8. }»int doses had no effect on white grubs 
{Lachnostenia sp.) in Porto Hico. l)(‘coppet (1920) staterl that a 2% dilution ot 
tobacco juice applied to the soil at 20 l./scp m. (400 cc./s(j. rn.) had a marked effect 
on larvae of the cockchafer {Melolontha fmlvlonthay L.j, but not sufficient to bo of 
economic value. 


DIPTERA. 

Tipulidae. 

Mishchenko (1936) obtained 87- 98% kill of larvae of Tipula conjugata, Alex., 
attacking rice with 4 oz. tobacco extract in 25 gallons ot water. 

Anthomyiidae. 

Krasnyuk (1931) found tobacco extract useless as a control measure for the 
cabbage root maggot {Hylemyia brassicacy Bch.). 

Dusts. 

Tobacco dust, as the name implies, is a ground product of the dried leaves, or 
sometimes stalks and midribs, of the tobacco plant. The stalks contain about 
one-fourth the amount of nicotine as the leaves. Some years ago these dusts were 
sold with a guaranteed nicotine content, but now they are largely replaced by 
nicotine dusts. 
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THYSANOPTERA. 

Hichardson and Nelson (1933) found one |)ound of dust applied to 50 gladiolus 
conns the day after planting was useless for the control of the gladiolus thrips 
{Taeniothrips gladioli, Mlt. & Stwn.). 

HEMIPTBRA. 

Aphidae. 

Stednian (1890) stated that 21 to 5 Ih. of tobacco dust placed in a furrow 4 ins, 
(10 cm.) deep around a})j)le trees would leach down through the soil to kill woolly 
a])his [Kriosomi lanigertim, Hsm.). Marcovitch (M)34), however, found a dust 
made from tobacco stems was ineffective for this [)ur})ose. Outright (1925) was 
unable to control white aster root aphis {Prociphilm erigeronensis, 'fhos.) with Jto 
^ lb. (7 to 14 gm.) per aster plant. 


LEPIDOPTERA. 

Acgeriidae. 

Headlee and llg (1920) succes.sfully controlled larvae of the raspberry crown 
borer {Pennisetia rmrghmla, Harr.) with applications of 1 lb. of dust (containing 
0-0197 lb. nicotine) per hill. 

Noctuidae. 

Hawley (1918) found one handful of dust per hill, or of a mixture of equal parts 
of tobacco dust and lime or sulphur per hill, all ineffective for the control of the 
hop-borer {Hydroecia inmmnis, Gn,), although the dust alone did appear to cause 
some reduction. 


COLEOPTBRA. 

Chrysomelidae. 

Web.ster (1899) found ^ to 4 lb. (;t to 2 kg.) ineffective for the control of the 
gra[)e root worm {Fidia vitkUki, Walsh). W(dgel and Doucette (1922) also obtained 
negative results in the control of the strawberry root worm (Paria canelkt, F.) 
attacking roses with applications of one handful of dust per plant. 

DIPTERA. 

Anthomyiidae. 

Eyer (1922) for the control of the onion maggot {Hylemyia antiqm, Mg.), and 
Krasnyuk (1931) for the cabbage root maggot (//. hramcae, Bch.), both found 
tobacco dust useless. O’Kane (1922 6) also obtained inconclusive results in the 
control of cabbage root maggots with a mixture of equal parts of finely ground 
tobacco dust and limestone, although this mixture had killed eggs in contact with it. 

MYRIOPODA. 

Cory and O’Neill (1917) obtained 85% kill of millepedes {Orthomorpha gracilis, 
Koch) near the surface of the soil with applications of 1 oz./sq. ft. (34gm./8q. m,), 
but only 5% kill of the deeper millepedes. A second application was given 3 days 
later, and only 5% of the total number of millepedes remained at the end of the 
week. McLeod and Butcher (1934) did not obtain satisfactory control of the 
millepede, Cylindroitdus loTidinensis coeruleocimtus, Wood (and also of tSciara sp. — 
Hiptera), attacking potatoes with 4(X> to 500 Ib./ac. (45 to 56 gm./sq. m.). 

The Addition of other Substances to Tobacco Dust. 

Brittain (1920, 1921, 1922) used tobacco dust as a diluent and carrier for lime- 
sulphur (p. 108), white arsenic (p. 71), and corrosive sublimate (p. 105). 
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Tolidine (NH2CH3.CeH3.CeH3 . CH3NH2). 

Crystalline. 

Memiiig (1928) found soil mixed with 0-66% was toxic to larvae of PmMia 
japonim, Newm., for an exposure of 3 weeks. 

Toluene (CeH5.CH3). 

Liquid. S.G. 0-866 at 20° C. 

ExperimenU in Air. 

Tattorsfield and Roberts (1920): of low toxicity (420); Rlcminc (1925): 
minimum lethal dose 248 mg./l. 

Experiments in Soil. 

HKMIPTERA. 

('oecidae. 

Saunders (1926) found 2 ee. injected into the soil of a flower-pot killed the 
mealybug, Rhizoecus terrestris, Newst., without injuring Acacia plants. 

LBPinOPTERA. 

Aegeriidae. 

Peterson (1923 u) obtained 48% kill of j)each-tree borers with applications to 
peach trees of |-oz. doses absorbed in sawdust. ' 

COLEOJ’TERA. 

Scarabaeidae. 

Leach and Johnson (1925) obtained 33% kill of Popillia japonicUy Newm., larvai- 
in soil watered with a saturated solution. Plants were checked by the treatment. 

Staphylinidae. 

Vincent (1916) obtained good results in the control of an unidentified Staph ylinid 
causing damage to turnips in France with 100 l./ha. (9 gm./sq. m.) of tolueni^ but 
the treatment was very expensive. 

p-Toluene Sulphonylchloride (CH3.CQH4.SO2CI). 

Exptrirmnts in Air. 

Fleming (1925) : non-toxic up to 796 mg./l. 

Toluidine (CH3C3H4NH2). 

0 - and /Ai-forms liquid ; p-form crystalline. 

Experiments in Air. 

Tattersfield and Roberts (1920) : both o- and p-forrns highly toxic (8-5). Fleming 
(1925) : 0 -, minimum lethal dose in air, 16 mg./l. ; in water, 1,125 mg./l. ; p-, minimum 
lethal dose in air, 8 mg./l. 

Experiments in Soil. 

LEPIDOPTERA. 

Aegeriidae. 

Peterson (1923 a) obtaiiiwl 76% kill of the peach-tree borer {Ae^eria exitiosa, 
Say) with a |-oz. dose per tree. Despite its low rate of evaporation it was thus as 
toxic as p-dichlorbenzene, 

COLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0-16% jo-toluidine was toxic to larvae of 
PopiUia japonica, Newm., for an exposure of one week. 
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o-Toluldlne Hydrochloride (CHjCeH^NHaHCl). 

COLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with (M()% was toxic to larvae of Popillia 
japonim, Newrn., for an exposure of 1 week. 

Trichloraniline (CeHoClaNH,). 

Crystalline. 

COLEOPTERA. 

Rcarabaeidae. 

Fleming (1028) found soil mixed with 0-l()% was toxic to larvae of Popillia 
japonim, Newm., for an exposure of 1 week. 

Trichlorbenzene (CgHgClg). 

Liquid. 

Experiments in Air. 

Tattersfield and Roberts (1920) : 1:2:4 of uncertain toxicity. 

Experiments in Soil. 

T.SOPTERA. 

Hockenyos (1939) found soil mixed with 1 part in a ROOO of triohlorbenzene was 
lethal to termites after an exposure of 30 hours. 

Trichlorethylene (CHCl : COl^. 

Liquid, S.G. 1-460 at 25'" C. 

PJ.C'periments in Air. 

Tattersheld and Roberts (1920) : low toxicity (1200). 

Experiments in Soil. 

HEMIPTKRA. 

Ooccidae. 

Saunders (1926) found a miscible trichlorethyUme watered on to the soil gave 
good control of the mealybug, Rhizoecus terrestris, Newst., without injuring Acacia 
plants. 

COLEOPTERA. 

Scarabaeidae. 

Bell (1935) reported that it wavS less toxic to the sugar-cane grub [Demiolepida 
albohirtum, Waterh.) than carbon disulphide. Anderson (1931) obtained promising 
results in the control of larvae of the brown chafer {Serim brunnea, L.) with 12 
injections per sq. yd., each of 5 gm. (72 gm./sq. m.). 

Trihydroxybenzene (see Phloroglucinol, ]>. 123). 

Trimethylamine (CHgjgN). 

Gas. 

Experiments in Air. 

Tattersfield and Roberts (1920) : moderately toxic (40). 

2:4:6 Trinitrophenol (Picric Acid) (HO . CeH2(N02)8). 

Crystalline. 

Experiments in Air. 

Tattersfield and Roberts (1920) ; non-toxic. 
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Turpentine. 

Kxperimenis in Water. 

Leach and Thomson (1921) obtained 100% kills of Popillia japonim, Newiii., 
larvae dipped for 2 hours in a 1% dilution, or for I hour in a 2% dilution, of an 
emulsion consisting of 4 cc. carbon disulphide, 4 c"c. castor oil, 4 cc. turpentine, 
and 16 cc. soap solution. 


Experiments in Soil. 
Klateridae. 


COLKOPTERA. 


Zappe (1922) found a turpentine emulsion consisting of 4 oz. soap, 4 oz. turpentine 
in 1 U.S. quart watei' was of no value for controlling wireworms. 


Ciirculionidae. 

English and Graham (1938) obtiiined only low kills of larvae of the whiteTringed 
beetle {Pantomorus kucoloma, Boh.) in soil balls wluai the latter wei-e immersed f)r 
15 minutes in a turpentine emulsion. 


White Oil. 

DIPTKRA. 

Syrphidae. 

Wilcox (1927) tested a 4% emulsion of white oil as a control measure for the 
Narcissus bulb fly {Merodon equestris, F.) and the lesser bulb fly {Eumerus strigatus, 
Fall.). The liquid was poured around the bases of the plants at weekly intervals 
from April to the end of May ; in both the treated and untreated rows 7% of the 
plants were infested by the first fly, but only 4% of the treated plants were attacked 
by the lesser bulb fly, compared with 35% in the checks. 


Wood Ashes. 

OOLEOPTERA. 

Ohrysomelidae. 

Weigel and Doucette (1922) found wood ashes of no value for the control of the 
strawberry root worm {Parm canella, F.) attacking roses. 


mPTERA. 

Psilidae. 

See Ironside (1921) under Kero.sone. 

Wood OUs. 

These are derived from the destructive distillation of wood in a similar way to 
the production of coal-tar oils from coal. 

Pine-Tar Creosote. 

HEMIPTBRA. 

Aphidae. 

Cory (1915) found a 6% emulsion (and, 1923 a, 5 and 8%) of pine-tar creosote 
poured into a trench dug to expose the roots of apple trees was eft’ective in freeing 
them from woolly aphis {Eriosoma lanigeram, Hsm.). Marcovitch (1934) reportecl 
rather variable results with such emulsions for the same pest. 


LEPIDOPTBRA. 

Aegeriidae. 

kSee Cory (1928 a) under ^-dichlorbenzene (p. 48). 

OOLEOPTERA. 

vSearabaeidae. 

Burns (1929) tested the effect of 10 and 20”/, solutions of pine- tar creosote in 
benzene to control Dermohpida alhohirtum, Waterh., grubs attacking sugar-cane. 
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1/6 oz. doses applied 4 in. (10 cm.) deep on both sides of the stools with a Vermorel 
injector showed improved results compared with untreated cane. A 10% solution 
in carbon disulphide was not so elfective. 

Chrysomelidae. 

Feytaud (1932) reported inconclusive results with pine-tar products in the 
control of Colorado beetles {LeptinoUirsa decemlineata, Say), 

Other Wood Oils, 

COLEOPTERA. 

Curculionidae. 

F. F. Smith (1932) found beech wood creosote of no value as a soil furni^Miit 
for larvae of the vine weevil {Otiorrhynchws .sukatm, F.). 

DIPTERA. 

Anthomyiidae. 

Brittain (1921) found a mixture of wood creosote (2%) and clay (98%) applied 
to brassicas resulted in a decrease of the ])ercentage of plants attac^lced by the 
cabbage root maggot {Hylemyia hramcm, Bch.), from 27-39 in the controls to 1-78 
in the treated plots. 

Wormseed Oil. 

COLEOPTERA. 

ScArabaeidac. 

Leach and Johnson (1925) obtained 100% kill of Popillia japonica, Newm., 
larvae in soil treated with a saturated solution of wormseed oil ; plants growing in 
the soil were checked slightly. They also te.sted the various constitiu'nts separately 
and found the order of toxicity to be : ascaridoles, terpones, and residue (ascuiridole 
glycol). Fleming (1928) found wormseed oil more toxic to the lajwae in water than 
carbon disulphide. 

Xylene (Xylol) (CeH 4 (CH 3 ) 2 ). 

m- liquid, S.G. O’H OO ; p- crystalline, M.P. 15° C. 

Experiments in Air. 

Tattersfield and Roberts (1920): m- and p-forms both of low toxicity (230). 
Fleming (1925) : minimum lethal dose 248 mg./l. 

Xylidene (Dimethyl Aminobenzene) ((CH 3 ) 2 C 8 H 3 . NHg). 

Liquid. 

Experiments in Air. 

Tattersfield and Roberts (1920) : highly toxic, but with a tendency to be 
uncertain (8-5) . 

2 : 4-Xylldene Hydrochloride ((CH8)20gH3NH2HCl). 

COLEOPTERA. 

Scarabaeidae. 

Fleming (1928) found soil mixed with 0*16% was toxic to larvae of Popillia 
japonica, Newm., for an exposure of 1 week. 

Zinc Chloride (ZnClg). 

COLEOPTERA. 

Scarabaeidae. 

Leach and Johnson (1925) reported that a 5% solution watered on to the soil 
failed to kill larvae of Popillia japonica, Newm., but killed plants growing in the 
soil. 

For other Zinc Salts (see Arsenates, p. 72, Borates, p. 75, Fluorides, j). 95). 

Zinc Ammonium Salts (see Fluorides, p. 95). 
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APPENDICES. 

Appendix 1. 

Tattersfield <and Roberts (1920). (For details, see p. 4.) 

Vapours toxic to Wireworms. 

Toxicity measured in millionths of a gm. mol. per 1,000 oc. of air found toxic 
in 1,000 ruts, at lb"" C. 

The first figure represents the death point and the second the recovery point. 


Of High Toxicity 
( 1 - 10 ) 


Allyl isotliiocyanato 

. 0.75—0*4 

(Ihloropicrin 

2 1 

Dichlorphcnol (1 : 2 : 4) 

1*8 

Monomothylanilinc 

. :i*7— 20 

llonzyl chloride 

4— :i*5 

o-Chlorphenol 

0—4 

p-Chlorphenol 

6—4 

o-Nitrophenol 

0—5 

Dimethylanilino 

. 0*0—5 

Xylidino (but with a tendency 

to 

bo uncertain) 

. 7 —5 

o-Toluidino 

. 8*5 -6*5 

p-'Poluidine 

. 8*5— 0*5 

o-dresol 

. 0 —7*4 

/a-Cresol 

. 0 —7*4 

p-Chesol 

. 0 --7*4 

Phenol 

. . 10*0- -10 


Of Moderate, Toxicity 
( 10 - 100 ) 


Hydrocyanic acid 20 — If) 

o-Chloranilino 10-0 

Benzal chlorido 24 

Ammonia 211—18 

Monomothylamino 21 — 10 

Ethylamino 22 — 17 

Dime thy lamine 22 — 10 

Niti<)henz(‘nc 24 — 10 

Aniline 27-21-r) 

Trimethylamino 40— 112 

lodobonzcno (inca]).) * 50 — 25 

Amyl nitrite 04 — 00 

o-l)i<.4dorbenzeno 70 — 5(i 

Pyridim; 70—00 

Pseudociimeno 115 — 80 

Bromoform 1)4 

Monobrombenzeno 00—80 


Of Low Toxicity 
(100-20,000) 

Marginal and 
un,certain 

Non-toxic 

Monochlortoluono . . . 

120—80 

0 - Nit ro - Cl- benzene 

Anthracene 

Tetrachlorethane . . . 

141—00 

<)-Nitrotoluon«' 

Phenanthrene 

Amyl nitrate 

180—140 

p-Nitrotolu('no 

Iodoform 

Monochlorbonzene . . 

200—170 

Nitroxylenc 

Nitrobenzaldeby( lo 

Xylene {p) 

230—190 

Naphthalene 

Dinitrol^enzcne 

Xylene [in) 

230—185 

/j-Nitraniline 

Nitronaphthalene 

Toluene 

420—350 

p-Diehlorbenzene 

p-Nitrophonol 

Carbon disulphide . . 

520—400 

Tricblorl)enzene 

0 - and w-Nitraniline 

Nitromethane 

710 

(1 ;2:4). 

Trinitrophonol (Picric acid) 

Benzene 

77.5^-050 

p-Chloranilim' 

Metaphenylene diamine 

Heptane 

800 

p-Nitro-Cl-benzene 

Phenyl hydrazine 

Chloroform 

1,040—800 

Mositylene 

Naphthylamine 

Carbon tetrachloride . 

Trichlorethyleno 

Hexane 

Dichlorethylene .... 
Pentane (incap.)* . . 

1.600 p-Cymone Diphenylarnino 

1,200 Bonzotriehloride 

3,000 Monochlorxylene 

3,100—2,400 

10.600 

* The higher concentration inoapacitatos. 
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Appendix 1 (con.).— Fleming (1925). 

The toxicity of various organic compounds to third-instar larvae of the Japanese 
beetle, Popillia japonica, Newm, 

The minimum lethal dose is expressed as the number of milligrams per litre 
(mg. /I.) for a 24JK)urs exposure at 20*7'' C. The figures iu brackets are the 
amounts required to kill the larvae iu water. 


Benzyl t-hlorule -t (36) 

Phenol 4 (692) 

o-Cresol S (626) A'on-hmV (larvae not killed at 796mg./].) : 

Naphthalene S (160) Caleiinn cyanamide 

p-Toluidine S o-Nitro-ehloibtaizene 

Nicotine 16 Diphenyl 

o-Tohhdine KJ (1,126) a-Naphthol 

p-Dichlorbenzene 22 (2:12) j3-NapiithoI 

Sodium cyanide 8(160) w-Dinitrobenzene 

Calcium cyanide 16 1, 6-Dinitronaphthalene 

Nitrobenzene 22 (800) Anthracene 

Aniline 22 (1,020) p-Tolucne sulphonylchlorido 

Thymol 44 Sodium b('nzene sulphonato 

o-Nitro-toluene 44(682) Sodium p-tolueno .sul[)lionato 

Furfural 44 

Hexachlorethane 124 (167) 

Brombenzene 00 (247) 

Carbon disulphide 44 (216) 

vi‘Oymem Oo (I.OOO) 

Chlorbenzene 124 (.‘166) 

Kormaldcliyde 44 

Aeetone 00 

Pyridine 124 

Methyl ethyl ketone 124 

Paraldehyde 248 

Benzylamino 248 

n/-Xylene 248 

p-Nitro-chlorbenzeno 706 

'I'oluene 248 

Carbon tetrachloride 7!Mi 

Chloroform 706 

Dichlon'thyleiie 796 

Fther 796 


Appendix 2. Conversion Tables. 

(Only correct to the third place.) 

Linear. I m.^1 094 yds.--39’37 in. 1 yd. —0*914 m. 

Square. 1 sq. m.--M9 sq. yds.— 10*76 sq. ft. 

1 acre— 10 sq. chains -4,840 sq. yds.— 0'450 ha. (Hectare). 

I rod— 30|: sq. yds. 

1 hectare (ha.)— 10,000 sq. m.— 2*47 ac.~ll,959 sq. yds. 

Volume. I imp. gallon— 4*65 litres— 1*2 U.S. gal. 

I U.S. gallon- 3*792 litres -0*83 imp. gal. 

I imp. pint— 568 cc., 1 U.S. pint— 474 cc. 

1 imp. tjuart— 1,136 cc,, 1 U.S. quart— 948 cc. 

1 litre— 2*11 U.S. pints- 1*76 imp. pints. 

1 fl. oz.— 28 cc., ] imp. pint- 20 fl. oz. 

I cu. ft.— 0*0283 cu. m. 

Wejoht. 1 oz,— 28*3 gm., 1 lb.— 453*5 gm. 

1 metric quintal (Qx)=l Doppelzentner (Dz.)— 100 kg.=220*46 lb. 
1 U.S. cwt.=100 lb., 1 imp. cwt.— 112 lb. 

1 U.S. ton— 2,000 lb., 1 imp. ton— 2,240 lb. 

1 cwt./ac.— 1*256 dz./ha.— 12*6 gm./sq. m. 

1 dz./ha.=10 gm./sq. ra,— 0*796 cwt./ac.— 90 Ib./ac. 

1 kg./ha.=0*892 Ib./ac.— 0*1 gm./sq. m. 

1 Ib./ac. =0*1 12 gm./sq. m. 

1 oz./sq. ft.=305 gm./sq. m., 1 oz./sq. yd,— 34 gm./sq. m. 

1 lb./l,000 sq. ft.=4*88 gm./sq. m. 

1 oz./U.S. gal. =7*4 gm./l., 1 oz./imp. gal. =6*2 gm./l. 

1 Ib./cu. yd.=600 gm./cu. m. 


Rates. 
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